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Sue forty odd years 
Dane: a young man had 
the job of firing the fur- 
nace of a small saw-mill 
boiler. As the task did not 
keep him too busy, he had 
ample time for observa- 
tion—and an occasional 
nap. He noticed that when 
the furnace became very 
hot the large fire door 
would bulge outward sud- 
denly with a loud pop. 
When the furnace cooled, 
the door would snap back 
again. A log propped 
against the hot furnace door would drop to the floor when 
the door snapped to the cool position, making a conven- 
ient, rough, temperature indicator that served as a satis- 
factory alarm clock. The young fireman, John A. Spencer 
by name, having one of those imaginative minds that have 
given the world so many of its inventions, wondered if 
some practical use could be made of this heat action. But 
not until years later was he able to take the next step. He 
had become expert with the acetylene torch and welded 
two metals together. He observed that when heat was ap- 
plied to the combination it took a curved shape, because 
one of the metals expanded more under heat than the 
other. Spencer remembered the old saw-mill furnace door. 
Here was the means of putting that idea to work. Further 
development led to the now well-known and versatile 
disc-type bimetal thermostat which, because of its sim- 
plicity and sensitivity, was far more practical than pre- 
vious devices using the bimetal principle. 





Buried deep inside many machines are bimetal thermo- 
stats that stand guard to take action if the machine gets 
too hot—or too cold. Electrical engineers particularly 
have made use of this unobtrusive device. In the middle 
20’s Westinghouse applied it to electric irons, making the 
first automatic iron, and a little later made an adjustable 
thermostat by which the housewife can maintain the iron 
at any desired temperature. These thermostats are now 
used in nearly every electrical appliance such as electric 
ranges, roasters, water heaters, etc. Many thousands of 
motors have a Westinghouse Thermoguard that makes it 
impossible to run them beyond safe temperature limits. 


Thermostats are remarkably versatile. Some can oper- 
ate over a range of temperatures from 50° below zero F to 
800° above. Some are sensitive enough to detect and op- 
erate on a change of one degree anywhere between zero 
and 600° F. Some are heated by radiation, others by elec- 
tric current directly. Thermostats are built to carry as 
much as 200 amperes, or as little as a fraction of an am- 
pere. Some move suddenly at a speed of 20 feet per second, 
while others creep one-thousandth as fast as its fast- 
moving cousin. Certain types of thermostats close with 
the vigor of a 25-pound blow, others with a gentle touch of 
but two-tenths of an ounce. 












Thermostats are not sitting out this war on the side- 
lines. As unobtrusively as they performed in peacetime, 
they have gone to war. . . . In one type of fighting unit a 
thermostat serves to supplement the operator’s ears. In 
the machine are several internal-combustion engines. In 
the din they create, the operator might be unaware that 
an engine has stopped. A thermostat placed on the mani- 
fold of each engine is set to inform the operator should 
the engine either stop or overheat. . . . Thermostats now 
ride with the engines of multi-motor fighting planes. 
Should an engine catch fire in combat or by accident the 
“stat” turns on a fire-smothering blast of carbon dioxide. 

. Many of the Navy’s big guns must be purged with 
compressed air after each firing. This air is supplied by 
compressors deep in the ship’s interior, where provision 
for cooling under some conditions may become inade- 
quate. A standard cup-type thermostat stands ready to 
signal for help if temperature should become excessive. . . 
Moisture may condense and 
freeze in high-altitude fight- 
ing-plane radio apparatus. 

To prevent this, disc-type 

thermostats, with an eye on iF 1 CATCH YOU SMOKING 
temperature, turn on heat- Wu Ser tse 
ers built into the sets when ; 
the dew point is reached. 

. In aerial mapping of 
enemy terrain the camera 
must remain level, although 
the plane does not. A spe- 
cial gear mechanism keeps 
the camera on even keel— 
and a thermostat keeps the 
oil in the gears from con- 
gealing at the low tempera- 
ture of high altitudes by 
turning immersion heaters on and off as necessary. . . . In 
submarines certain oil must be kept fluid regardless of 
temperature. Thermostats and immersion heaters team up 
to keep it so. . . . Power for isolated airfields is supplied 
by engine-driven generators. The engine radiators are 
large and are kept outdoors. In cold weather a thermostat 
turns on an electric heater to keep the cooling water from 
freezing. . . . Directional antennas are turned by a gear 
aniianion. Tn cold climates, a thermostat stands watch 
over temperatures to 
turn on heaters when 
the oil in the gears 
would. become too stiff. 

. Some gyroscopes 
used by navigators have 
a quartz crystal control, 
the temperatures of 
which must not vary 
more than one quarter of 
a degree Fahrenheit, 4 
job for a super-sensitive 
thermostat and heater. 
Furthermore, the ther- 
mostat can be no larger 
than a postage stamp. 
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Electronic Elimination of Oil Mists 


The FBI has trapped many a saboteur. The electrostatic air cleaner has caught another. In war plants having 
row after row of the new ultra-high-speed grinders and thread cutters, large volumes of cooling oil is thrashed 
into a fine mist that eventually settles on light fixtures, bus ducts and even drips from overhead structures. The 
manufacturing difficulties and fire hazard arising from this oil deposition are prevented by the application of 
_Precipitrons individually to the offending machines and in addition a handsome recovery of valuable oil is made. 


O” like gold, is where you find it, and in ordinary cir- 
cumstances the finding of oil is a happy occasion. Not, 
however, when the oil is in suspension in the air of an in- 
dustrial plant to such an extent that visibility is impaired, 
a possible industrial hygiene problem introduced, and the 
physical make-up of the plant exposed to fire hazards and 
subjected to more rapid deterioration. Such has been the 
case where high-speed thread grinders and similar equipment 
have been brought together in great concentrations to meet 
the demands of war. These machines require as much as 
18 gallons of oil coolant flowing on the work per minute. 
The speed and heat of the operation give rise to the oil mist 
and smoke that befogs these plants and has become a serious 
problem to users of this type of machine tool in these con- 
centrations. Various mechanical filters and ventilation 
schemes have proved inadequate for the task. It remained 
for the electrostatic precipitator to supply the answer. 


The Problem Arises 


One of the big bottlenecks at the outset of the war was 
the scarcity of machine tools. To increase production the 
builders of precision grinders, by diligent engineering de- 
velopment, have been able to bring the peripheral velocity 
of grinding wheels up to some 15 000 fpm. At slower speeds 
and with but a handful of machines in a large plant the oil- 
fog problem was not serious, but with the machines operat- 
ing at previously unheard-of speeds and the concentration 
of literally hundreds of machines in one enclosure, a veri- 
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Fig. 1—The particle of dust or oil, passing through the electro- 
static field, receives a positive charge. It is attracted to the 


negative plate in the cleaner and is repelled by the positive plate. 
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table cloud of mist is diffused about the plant. Its strength | or 
and concentration are such that visibility is lessened and there [| du 
is the possibility that health and comfort of the personnel J sy 
may be affected. Surfaces of the machines, overhead struc- Ff In 
tures, and floors become slippery from this settling out and — wc 
thermal precipitation of the oil from the atmosphere. This § wo 
condition also creates a distinct fire hazard. Th 

The presence of heavy oil mists has a serious deteriorating J Th 
effect on the factory lighting system because oil accumulates fF no: 
as a film on the reflectors and lamps. Actually, this oil film F suc 
serves as an adhesive which collects dirt from the air very — ma 
rapidly. Tests show that under these conditions the illumi- f oil. 
nation may drop 25 to 35 per cent in a short time. ligk 

The oil also deposits on the wiring and because of its ( 
adverse effect, on the insulation, leads to premature failure f me 








of the circuit wiring. The same holds true for insulation f cles 
of motors, controls, bus ducts, etc. I bei 
— , ; ticle 

Usual Ventilating Systems Ineffective ) util 
Normal ventilating and air-conditioning systems draw air |) is o 


from the building, generally near the ceiling, heat it or cool J) the 
it as the case may be, and return it along with some fresh f} heat 
air to the building. The seemingly obvious thing to do was} Furt 
to insert some cleaning or straining device in the central} cons 
ventilating system. This, however, does not solve the} bork 
problem because the oil mist has done its damage before the} arise 
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Fig. 2—This equipment for determining the efficiency of the goes 
ventilating system uses the Tyndal Beam method of test. In an |) “fe 
atmosphere devoid of particles, a light beam is invisible. The vis- | The cl 
ibility of the beam depends on reflection from suspended parti l along | 
cles; so its strength is a function of the number of particles. 9 In thi 
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Photograph, taken with equipment 
shown in Fig. 2, of unfiltered ex- 
haust from a high-speed grinder. 


Photograph of the same beam 
with four-inch mechanical filters 
in use to filter the exhaust mist. 





Same beam as the machine-tool 
exhaust is passed through the Pre- 
cipitron with cells de-energized. 


Same beam when the exhaust is 
passed through the Precipitron 
unit for individual machine tools. 


Fig. 3— These four photographs of the exhaust from a high-speed grinder show very graphically the efficacy of the Precipitron in oil-mist removal. 
The comparative efficiencies of the mechanical and electrostatic cleaners shown by the densitometer, were about 14 and 90 per cent respectively. 


oil-laden air reaches the ventilating ducts. In passing from 
the machine up to the return-air intake, the oil is deposited 
on the lights, machines, bus ducts, etc. Individual exhaust 
ducts running to each machine from the central ventilating 
system have been considered, but posed some difficulties. 
In a large plant the maze of ducts would be enormous and 
would entail a mammoth ventilating system. Further, it 
would decrease the flexibility of machine-tool arrangements. 
The overhead ducts would obstruct the movement of cranes. 
The alternative, running the ducts underground, is not eco- 
nomically feasible. Possibly the principal risk involved in 
such an arrangement of overhead ducts to the individual 
machines is the concentration of a great amount of suspended 
oil. This would constitute a very real fire hazard not 
lightly to be assumed. 

Oil mists and smokes are not removed by the ordinary 
mechanical filter of the usual ventilating system. The parti- 
cles, which constitute the mist or smoke, vary in size, some 
being as small as 1/10 micron or less in diameter, and par- 
ticles this small cannot be economically removed by a device 
utilizing the principles of mechanical filtering. (A micron 
is one twenty-five thousandth of an inch.) This precludes 
the recirculation of the air and represents a great loss in 


| heating energy in winter and refrigeration in summer. 
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Furthermore, to exhaust the oil-laden air to the outdoors 
constitutes an economic loss, a fire hazard, and a neigh- 
borhood nuisance. The failure of the mechanical filters 
arises, not from their inability to remove the large globules 


} of oil from the air, which is readily done as exemplified by 


the oil deposition on floors, fixtures, etc., but from the in- 
ability to remove the more finely divided oil particles of five 
microns or less. While a large amount of the bulk of the oil 
in the air is removed mechanically, the mist or oil fog is not 
materially reduced. Electrostatic removal has proved to be 
the best means of coping economically with these minute 
air-borne oil particles. 


The Electrostatic Principle 


. The principle of electrostatic dust precipitation employed 
in the Precipitron (Fig. 1) consists of passing the air to be 
cleaned between high-voltage wires and grounded rods. 
En route, each foreign particle of dust or oil is given an elec- 
trical charge. The air containing the charged particles then 


§8°es through a system of parallel plates of opposite polarity. 


The charged particles are drawn to the negative, being helped 
along in this direction by repulsion from the positive plate. 
In this manner particles, irrespective of particle size, are 
removed from the air stream. The cleaned air is discharged 
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practically free of oil and dirt and is recirculated in the 
plant. As the particles of oil accumulate on the plate they 
form large drops that drip off the plates. The oil thus col- 
lected in the drain can be used again as coolant. This re- 
covery of oil represents a real saving financially, not to 
mention being patriotic conservation at this time. 

The Precipitron, using an air velocity of 300 feet per 
minute, achieves a cleaning efficiency of 90 per cent. The 
usual measurement of air-cleaning efficiency is determined 
by passing the cleaned air through a white filter paper, the 
black spot representing unremoved particles. This blackness 
or discoloration test could not be used to measure efficiency 
in removing oil mists and smokes as the paper immediately 
soaked up the oil and made the test inconclusive. An accu- 
rate determination of the efficacy of oil-removal methods 
was secured by passing the cleaned air through a light beam 
contained in a chamber having a non-reflecting black lining. 
A photograph across a beam of light in otherwise dark sur- 
roundings (Fig. 2) and in absolutely clean air shows nothing 
as there is no reflection or refraction from foreign particles. 
The more particles present in the air, the more the light 
beam is diffused, and the more distinct the beam of light 
shows in the photograph. By means of a densitometer, (a 
device for measuring the comparative densities of translucent 
materials by means of a light beam and photo-electric tube) 
the comparative strength of the light beam on a photo- 
graphic negative can be determined and the efficiency of the 
cleaning device appraised. 

Exhaustive tests were conducted in a gear-grinding plant 
in Chicago on high-speed precision grinders by Mr. Samuel 
R. Lewis, consulting engineer. An intake was fabricated to 
suit the needs of the machine and connected to a Precipitron 
unit. The comparative densitometer readings of the photo- 
graphs as in Fig. 3 show that the Precipitron was 90 
per cent efficient while the mechanical filter was less than 
14 per cent efficient in oil mist and smoke removal under 
identical conditions. 


Machine-Tool Installation Arrangements 


The preliminary application of the Precipitron to machine- 
tool installations has taken four general forms. In the first, 
ducts from intakes on several individual machines enter a 
larger duct handling this group. Air from the machines is 
drawn into the common duct by a large unit comprised of a 
fan and Precipitron. This, however, necessitated using larger 
units, the erection of considerable duct work, limitation of 
machine placement flexibility, and presented possible inter- 
ference with material handling. 
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Fig. 4—The basic unit for individual high-speed grinder application. 


A variation of this plan used a common fan and exhaust 
duct for several machines, but each machine was supplied 
with a separate precipitator, which was energized from a 
common power pack. With this arrangement the Pre- 
cipitron unit is smaller, the electronic power tubes supplying 
the Precipitrons used to best advantage, and the location of 
machines made more flexible. The flexibility of machine-tool 
placement was, however, still somewhat hampered, and the 
overhead duct work was bulky. 

Another application places the Precipitron in individual 
cabinets, which also house the fan. Each cabinet is fitted 
to its own machine. The befogged air is drawn from the 
machine pick-up into an intake connected to the bottom of 
the cabinet, through the electrostatic cleaner, and dis- 
charged into the room for recirculation. This is a com- 
pletely mobile arrangement except for the power pack, which 
is common to several machines. The high voltages are trans- 
mitted to each of the precipitators by separate cables in 
grounded conduit. 


The Individual Unit 


A completely individual unit for each machine tool is the 
most flexible arrangement. This is a cabinet with self-con- 
tained fan and motor, a baffle plate for uniform distribution 
of the incoming oil-laden air, a mechanical filter to remove 
the large particles, both solid and liquid, plus the precipitat- 
ing element. This basic electrostatic unit (Fig. 4) is rated at 
about 600 cubic feet per minute. The integral power pack 
supplies d-c ionizing voltage of 13 000, and a collecting-plate 
voltage of 6000 d-c. The unit is compact and stands 50 
inches high and occupies limited floor space, about 20 
inches by 20 inches. 

This unit for oil-mist and smoke elimination is practically 
self-cleaning. In the usual Precipitron application, collecting 
dry dust and dirt, the plates must be cleansed of their ac- 
cumulated particles. But in this application, the oil drains 
off and carries with it the slight dirt accumulations as they 
form. The large volume of oil recovered—as much as five 
gallons per machine daily—also passes through and cleans 
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the mechanical filter in a similar manner, making manual 
cleaning an infrequent operation. : 

Obviously, the most efficient application of the Precipitron 
unit to a machine tool is achieved when the unit is in- 
corporated into the original design of the machine. The , 
intake then becomes an integral portion of the machine with 
corresponding increases in efficiency of oil-mist pick-up 
and presents a minimum of interference with the perform- 
ance of the machine. 

The present pressing need, however, is to eliminate the y 
great concentrations of oil mist from the atmospheres of 
plants now in existence. For installation with existing ma- 
chines a convenient pick-up is fabricated to fit the mechani- 
cal and ventilating needs peculiar to the machine and the 
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work involved. This is connected by a duct to the opening I 
at the bottom of the cleaner. Ordinarily the pick-ups are 1, 
made of sheet metal and are designed to provide the maxi- ni 
mum intake of mist and the minimum interference with the | at 
operation of the machine. ” 

Experience has shown that each application of the unit | pk: 
to existing equipment must be handled as an individual plant J th 


problem. The conditions under which the plants operate |, 
vary considerably. Those in the North have different winter ] an 
problems than those in the South. Old plants, revivified for | pa 
war production, probably have not only different machines 
but also different ventilating and air-conditioning systems | ing 
from those new streamlined blackout plants designed and | ne 
built for this war’s needs. In addition to varying plant 
conditions there is a wide diversity of types and designs in | pat! 
the high-speed thread grinders requiring application of oil- [| son 
mist-and smoke-eradicating equipment. Not only do the de- 
signs of different manufacturers for a machine for a given [ plar 
duty differ but also machines for different operations vary 
substantially in size and shape although designed and built T 
by the same maker. pres 


To encompass these diversities an essentially fundamental od 
snie 


unit is required; one that can be adapted to the location and f 4, q 


style peculiar to the high-speed mist-creating machine in- f shiel 
Wes: 
Pitts 


volved by merely designing a proper pick-up connected to 
the intake of the precipitator. The unit can either be floor 
mounted or suspended alongside or above the machine it 
serves. The coolant oil collected is returned from a pipe con- 
nection in the unit to a filtering sump alongside the machine 
tool or to a central coolant-filtering location where it is 
cleaned and piped again to the machines. 





Field Experience Is Being Accumulated 


Field experience with a Precipitron on high-speed grinders 
is yet limited, but is sufficient to prove its effectiveness. 
Users in New England, having large numbers of high-speed 
gear and thread grinders, have installed this type of aif 
cleaner, both in the unit and central systems. In several 
instances original installations comprised but a portion of 
the plant, and the difference between the sections serviced 
by the Precipitron and those that were not was startling 
In one plant all fixtures, walls and machines had beet 
scrubbed down at the time the electrostatic cleaners weré 
installed in a section of the plant. In three weeks the lighting ¥ - 
fixtures, overhead structures, etc., over the machines with @ I 
out air cleaners were dripping oil, whereas those over m* 





May, | 





Westinghouse Engine! 


Ty 
ilt 


tal 


ine 


lers 
ess. 


eed 
eral 


l of 
iced 
ing. 
yee! 
vere 


ting . 
vith: f 


chines equipped with cleaners for removing the oil mist and 
smokes from the air at the source were clean. 

In one plant, in cold weather, the room temperature 
dropped to 40° Fahrenheit, not for lack of normal heating 
capacity, but because warm air containing oil mist and 
smokes had to be discharged from the building, with conse- 
quent loss of heat. A Precipitron installation covering these 
machines resulted in a clean, warm plant because the 
impurities were eliminated, and the warm air is recirculated 
with a minimum of make-up air and heat expenditure. 
Oil mist and smokes are created in sufficient concentration 





in some plants to be a source of physical discomfort to 
workers, and introduce physical and possible industrial hy- 
giene hazards in addition to increasing maintenance costs, 
impairing equipment and plant installations and constituting 
a fire hazard. The Precipitron cabinet unit, utilizing the elec- 
trostatic principle, has proved itself capable—at practical air 
velocities—of ridding the air of better than 90 per cent of 
these mists and smokes. The fundamental problem of eco- 
nomically removing finely divided particles from suspension 
in air is a job that is peculiarly the function of an electro- 
static precipitator. 











Fine Feathers Make Dangerous Missiles 


To the finite mind, the fall of a sparrow is sig- 
nificant only to the sparrow. However, avi- 
ation authorities have been avidly marking 
the fall of larger birds for years—those birds 
whose fall was occasioned by the impact of a 
plane in flight. One feathered friend crashed 
through the windshield, through the metal 
bulkhead back of the pilot, traversed the length 
of the interior of the ship, and burst through 
another metal partition into the baggage com- 
partment. Another impromptu aerial hitch- 
hiker was struck by the metal leading edge of 
a plane wing and penetrated the surface, lodg- 
ing in the wing proper. A tall story, but 
nevertheless true, is told of a Pan-American 
Clipper hitting a fish at a high altitude. A bird, 
startled by the plane, dropped the fish in the 
path of the plane. Only a partial list shows 
some 61 encounters between birds and planes 
in the 1939-1941 period. No such collision is 
known to have been the cause of a fatal 
plane accident, but there is that possibility. 


The Civil Aeronautics Administration has 
pressed forward a scientific investigation of 
the phenomena of birds striking plane wind- 
shields at various speeds and angles in order 
to develop a greater impact-resistant wind- 
shield glass. This testing is being done in the 
Westinghouse High-Power Laboratory at East 
Pittsburgh, which may seem strange and un- 
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q Literally on the industrial firing line, birds from this “ ” blast windshields at 500 fps. 


related. The fact is that it was here that the 
compressed-air valves for the 138 000-kv com- 
pressed-air circuit breaker were developed, 
and these ultra-rapid valves are the heart of 
the gun necessary for this investigation. 


The compressed-air valve in the air breaker 
must operate in a fraction of a second. The 
Westinghouse High-Power Testing Laboratory 
at East Pittsburgh was, therefore, especially 
well equipped, with this background, to un- 
dertake the designing of a compressed-air 
“‘gun’’ from which electrocuted fowls could be 
fired at test windshields at velocities up to 
more than 400 mph. In both the fabricating of 
a successful gun and in operating the gun 
during tests this laboratory was peculiarly 
well fitted. In addition to a spacious location, 
there was at hand the high-speed recording 
equipment used in testing breakers. Firing de- 
vices, electrical timing equipment, oscillo- 
graphs, and other precision laboratory appara- 
tus insured scientific accuracy in these tests. 


Design specifications as laid down by the 
C.A.A. called for the fowling piece to have a 
muzzle velocity of 400 fps (284 mph) with a 
16-pouad bird. The top speed so far attained 
has been some 525 fps with a reservoir pres- 
sure of 250 pounds. The maximum pressure 
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obtainable for use in this gun is 350 pounds. 
Feet-per-second muzzle velocity is approxi- 
mately a direct proportion with the pressure 
so that apparently a bird speed of upwards of 
700 fps is entirely feasible. 


A four-pound bird, traveling at a mere 75 mph 
was able to shatter a windshield of a standard 
plane. Collaborating with the C.A.A., glass 
and plastic manufacturers designed a special 
tempered-glass and plastic windshield. This 
type of windshield withstands the impact of 
a four-pound bird at 300 mph and that of a 
15-pound bird at 200 mph. The work of im- 
proving plane windshields is being continued. 































Speed and timing are the secret of success in any endeavor, whether it be war, sports, or manufacturing. 


Success in these endeavors also implies the ability to apply speed and timing under all conditions. These 
two factors are also the secret of bringing a synchronous motor into step. Further, the synchronizing of 
such a motor by bringing it to the proper speed and exactly timing the application of excitation must be done 


consistently under all manner of loads. This newly developed synchromatic relay does precisely that. 


HE PROBLEM of starting a synchronous 
Ronin is somewhat more complex than 
with other types of motors because of the 
necessity of bringing the motor into an 
exact synchronous speed relation with the 
generators supplying the power. The 
starter for a synchronous motor should 
possess means of bringing the motor into synchronism 
promptly when the optimum speed has been attained, and 
without any undue power transients or loss of synchro- 
nizing torque. 

The complete starting cycle of a synchronous motor 
consists of two definite steps; namely, acceleration and 
synchronization. Acceleration is accomplished by applying 
power to the alternating-current winding with the field de- 
energized and the two terminals connected to a suitable 
resistor. The operation during acceleration is similar to that 
of an induction motor, the d-c field windings and pole-face 
bars acting as the secondary. | 

The acceleration period terminates when the speed be- 
comes nearly constant. The synchronous motor is operating 
as an induction motor during acceleration, and therefore 
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Improved Starting for Synchronous Motors 


W. R. WICKERHAM 
Control Engineer 
Westinghouse Electric & Mfg. Co. 


has some slip speed. If the motor is loaded 
during acceleration, the highest speed at- 
tained will—given sufficient time—ordi- 
narily be between 95 and 98 per cent of 
synchronous speed. 

At this balancing speed all of the torque 
produced by the motor is consumed by 
the load and by windage and friction losses. Because all 
torque developed is required to maintain this speed, obviously 
an additional torque component must be added to raise the 
motor speed to synchronism. This synchronizing torque com- 
ponent is supplied when direct current is applied to the 
motor field. 

The final acceleration to 100 per cent speed after excita- 
tion has been applied, must take place within a short time; 
otherwise, the, excited rotor poles will slip past the stator 


poles, producing line-current disturbances so severe that syn- | 
chronizing under this condition is not considered satis- |) 
factory. The time available for synchronization is definite for [| 


a given degree of slip and varies inversely as the relative 


speed (slip) between the stator and rotor poles. The total | 
change of speed during synchronizing is directly propor- [ 
tional to the degree of slip, so that the rate of acceleration |) 
must be proportional to the square of the slip. This means | 


that with a given load inertia, the synchronizing torque re- 


quired varies as the square of the slip. It is therefore im- |) 
portant that application of excitation be delayed until the 


motor has attained its highest possible speed when operating 
as an induction motor. 
The time available for synchronizing is dependent upon 


the relative position of stator and rotor poles at the instant | 


excitation is applied, as well as the relative speed. In the 
lower portion of Fig. 1 is shown a diagram of the stator and 
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rotor poles. The actual rotation of both the stator magnetic j 
poles and the rotor is counterclockwise in this case, but be- 

fore the motor is synchronized, the rotor moves slower tha! | 
the stator poles by the amount of the slip, so that the relative | 
motion of the rotor with respect to the stator poles is clock | 
wise. This means that in the diagram, the rotor pole marked 
N moves at slip speed from left to right. Throughout the left fi 
half of the diagram, marked 180° to 0°, this rotor pole #) 
approaching the S pole in the stator and this region is there 
fore called the approach angle. In the right half of the) 
diagram, marked 0° to 180° and also A to B, rotor pole NV *} 
receding from S and this region is called the recession angle. 
As rotor pole N moves farther to the right, it begins to 4)’¢ 
proach the next stator S pole and thus the phenomenon 
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repeated for each pair of stator poles, that is, for each 360 
electrical degrees. 

Acceleration can take place only while unlike poles are 
receding from each other, i.e., while rotor pole N is in the 
angle A to B. The time available for acceleration is maximum 
if excitation is applied when rotor pole N is approximately 
under stator pole S. If application of field is delayed until 
rotor pole N has receded from S through a considerable 
portion of the angle A to B, the time available for accelera- 
tion is reduced since only the remainder of angle AB is 
available. Of course this reduces the ability of the motor to 
move into synchronization. 

The ability of the motor to synchronize when the field is 
applied at different pole positions is shown by the curve at 
the top of Fig. 1, in which maximum load torque under 
which a motor can be synchronized is plotted against the pole 
position at which the field is applied. As would be expected 
from the preceding discussion, the torque has a maximum 
value, C, at the beginning of the recession angle, since maxi- 
mum time is available for acceleration. As this point of appli- 
cation moves from A toward B, because the time available 
for acceleration is thereby greatly reduced, there is then a 
minimum torque, D, which occurs at about the middle of 
the recession angle. 

To explain why the permissible motor load torque in- 
creases beyond this point, and remains high throughout the 
approach angle, it is necessary to consider what happens 
when the field is applied in the approach region. At first 
thought it would seem that the action of the field excitation 
would cause the rotor to decelerate in this region. However, 
throughout the approach angle, the exciting voltage is op- 
posed by the induced voltage in the field winding, so that the 
build up of excitation current is retarded. Thus the applica- 
tion of excitation has little effect until the rotor has moved 
to point A at the beginning of the recession angle where the 
induced voltage changes direction and tends to add to the 
excitation voltage. 

The rotor decelerates very little in the approach angle, 
while the entire recession angle is available for acceleration. 
This combination of a negligible adverse effect in the ap- 
proach angle plus the availability of the whole recession 
angle for acceleration enables the motor to synchronize 
while undergoing a high load torque, when field is applied 
at any point in the approach angle. 

If the field is applied in the part of the recession angle 
beyond the minimum torque point, the time available for 
acceleration is reduced so much that with maximum load 
torque, the motor cannot synchronize in the remainder of 
the angle but must wait until the next recession angle. This 
means that it must slip through the entire approach angle so 
the torque increases from the minimum to that obtained in 
the approach region. 


Synchronizing Methods 


Two methods of applying the excitation to the field have 
heretofore been used; namely, speed limit, or time limit. 
Speed-limit devices apply excitation when the motor reaches 
+ given speed. The motor speed for which the field-applica- 
tion relay must be set to operate is appreciably less than the 
motor can attain; otherwise, minor variations in load condi- 
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—180° Approach ° Recede +180° 
Fig. 1—Showing load torque that can be when 


excitation is applied through the full range of .pole positions. 


tions might result in the motor never reaching that speed. 
Use of a speed-responsive device alone results in the field 
being applied at a greater slip than necessary, with attend- 
ant excess power transient. 

Time-limit devices apply the field at the end of a definite 
time interval, which begins when power is applied to the a-c 
winding. A fixed time-limiting device permits the motor to 
reach maximum speed, but it must be set to operate at the 
end of a period long enough to exceed the maximum ac- 
celerating period to be expected. This is necessary in order 
to avoid the too early application of excitation during an 
abnormally long accelerating period. As the normal accelerat- 
ing time is shorter than the longest expected, there is an 
unnecessary delay in application of excitation in most 
instances of practical usage. 

A new type of synchronous motor starting relay, known 
as the synchromatic or type STA, was developed to accom- 
plish field application under the most favorable circum- 
stances, the requirements being essentially that: 

1—Maximum non-synchronous speed be attained before 
field application. 

2—Synchronizing be accomplished in minimum time con- 
sistent with maximum speed. 

3—Synchronizing sequence be positive. 

4—Unnecessary line disturbance be avoided, and neces- 
sity for large synchronizing torque be avoided. 

5—Automatic pull-out protection be provided. 

In order to apply excitation at the highest possible speed 
without unnecessary loss of time, the relay has two ele- 
ments, one responsive to speed, the other to time. Field 
application is governed by a motor-driven time element, 
which is brought into play by the current-actuated speed- 
responsive element when the motor has reached about 90 
per cent speed. 

The STA relay prevents failure to complete the starting 
sequence, because its speed-responsive element can be set 
well below any slip speed at which the motor will ever stabi- 
lize. The time element is normally about six seconds, long 
enough to permit acceleration through the final six or eight 
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per cent speed, but not long enough to interfere with pro- 
duction schedules or processes. 

After the speed element has completed its original func- 
tion of starting the field-switching sequence, at about 90 per 
cent speed, it operates in conjunction with the time element 
through a calibrating cam to perform a second function, that 
of closing the field contactor at an instant when the rotor 
poles are favorably situated with respect to the stator poles. 
This relay combines in one piece of apparatus the best 
features of the separate existing synchronous motor starting 
devices. Upon application of full voltage, the relay recog- 
nizes only -the speed acceleration of the motor, until the 
motor has reached 90 per cent of maximum speed, then the 
timing element takes over and electrically seizes upon an 
advantageous relative position of stator and rotor pole 


Theory and Operation of Synchromatic Relay for Starting Synchronous Motors 


The solid line in Fig. 2a represents the magnet pull of the relay 
current element corresponding to the motor input current. The dash 
line indicates the spring tension on the relay current element. With 
the increase in motor speed, the current falls so that the spring over- 
comes the magnetic pull at B. Shortly after contact is made in the 
current element switch, the revolving cam causes the spring tension 
to drop, as at C, whereupon the magnetic pull is again greater than the 
spring pull. Because of the cam action, the spring tension increases while 
the magnetic pull decreases until top speed as an induction motor is 
reached. The progress of the current wave-form shape is shown by the 
enlargements of sections X and Y,shown in Fig. 2c and 2d, respectively. 


Fig. 2—Electrical reactions of a 





< 
synchronous motor, in starting, synchronizing, running and pull-out, 
and related current element performance of the STA relay are indicated and correlated diagrammatically. 








for the application of the field excitation. The relay further 
incorporates a recalibration sequence so that if the auto- 
matic pull-out mechanism operates to remove field excita- 
tion when operating at non-synchronous speed, the timing 
element is restored to the proper starting position for 
another cycle. Thus the objectionable features of time-limit 
and speed controls are eliminated. 

Not the least advantage of the type STA relay is the fact 
that it is universal in its application to synchronous motors § . 
of all sizes and duties. It is not necessary, with this starting [ | 
device, to mount any auxiliary equipment on the motor. ; 
The relay can be mounted on the switchboard control panel | , 
or at any convenient place near the motor. It is equally [ « 
applicable to both new and old motors and is particularly 
effective where heavy load torques are encountered. ‘ 

s| 
tl 
fe 
Fig. 2b shows an enlargement of section Z, where at point D excita- ve 
tion is applied through the combined efforts of both the current and | th 
time element. The motor current drops toa constant low level at E until J br 
the motor is no longer in step so that the current rises and the excita- § st 
tion is removed and the starting cycle begins again. T 

The behavior of the motor input current and factors associated with or 
the relative instantaneous position of stator and rotor poles are dis- 
played in detail by the magnified portions of the curve. The oscillogram Be 
of the enlarged section Fig. 2c shows that as the 60-cycle motor ap- 
proaches synchronous speed before excitation lias been applied, pe- f th 
riodic modulations have appeared in the current, with about seven f sp 

“crests” per second (each f— mo 
crest represents 1/60 sec- | the 
ond). This is caused by the f of. 
varying positions of the slip- f the 
ping rotor poles as they move f rea 
past the stator poles. Whena [ 
rotor pole is directly oppo- [ Be 
site a stator pole, the cur- > 1 
pieees rent is a minimum in the un- f} inr 
at dulation because the mag: Ff) spe 
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netic reluctance is then least. }) the 
Conversely, midway between fF) 85~ 
stator poles, the current is [) is s 
maximum. At zero speed the F) spee 
motor slips 120 poles per sec- F} This 
(16- 





ond, and because the oscillo- 
gram shows about 6.5 poles f} thro 
slipped per second (crests), [) 14 n 
the speed for this oscillo- }) cont 
gram is 95 per cent normal. f R 
In the enlarged portion, } “°° 
Fig. 2d, is a second oscillo- | W 
gram of the same motor after fj Fecal 
it has reached its highest f Fig. | 
speed without excitation, i.e., |} "ma 
as an induction motor. This ff this « 
oscillogram shows about 1.62 y shunt 
poles slipped per second. f finger 
The speed is therefore 98.9 f releas 
per cent normal. A stadu 
In the enlarged view, Fig. | throu 
2b, is shown a portion of a 7 Excit 
typical current input oscillo- | 
gram, applying to that set § The 
tion of the curve Z, abou! } spring 
the point where excitation is jg'"*Tea 
applied by the type STAf mum 
unit. Superimposed upon the j — 
oscillogram is a represent® jj the 0 
tion of a portion of a motor: j sey 
showing how the pole pos" ais 
tions are associated with the oo 
(d) modulations existing in the ) ae 
primary current. hain ¢ 
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along the top of the oscillogram in Fig. 2b represents the variable mag- 
netic pull (more properly the magneto-motive-force in ampere-turns) 


od of the current element of the STA unit. The transformed input current 
ta- is rectified so that all “half” cycles are positive, and their summation 
ng produces the net result indicated by the curve. This relation between 
hd the input current and the curve of the relay magnetic pull exists from 


start to pull-out, as well as for this particular region. 

nit The curve, as explained above, represents the magnetization of the 
relay speed-responsive element. These periodic modulations are pro- 
nounced above 90 per cent motor speed, and it is by means of these 


act that selected positions for application of excitation are obtained. The 
ors speed-responsive element has a moving armature subject to magnetic 
ing pull, represented by the solid curve, and a counter pull exerted by a 
spring represented by the dotted curve. The spring counter pull is re- 

me duced well below the magnetic pull during the early part of the time 
nel period, then is caused to increase at a gradual rate. It will first become 
lly equal to or exceed the magnetic pull when the latter is at a minimum 
le in its swing. At one of these instants when the spring tension first 
es predominates, the element operates to apply excitation. It will be noted 


in Fig. 2b that the previously discussed unfavorable zones are shown as 
shaded areas and occur during a current maximum instant, By making 
the relay responsive to one of the minimum-current instants, the un- 
favorable region is avoided for application of excitation. 

In following through a typical starting cycle by means of Fig. 3, 
sita- | voltage will be applied to the a-c winding of the motor by operation of 
and ] the start button to close contactor M. Sequence drum fingers 19-20 are 
intil | bridged only when the drum is in the off position, to guarantee that a 
cita- | start cannot be made unless that drum is in the proper position (off). 
This insures that the sequencing of the starting cycle is properly co- 
with [| ordinated each time. 


dis- 
| ‘aa Beginning of ‘‘Speed Limit’’ Acceleration 
ap: When full voltage is applied to the a-c windings, with rotor at rest, 


pe- — the magnetic pull of the relay current element exceeds the opposing 
sven f spring tension as shown at A in Fig. 2a with the result that the armature 
each — moves to open the contact (9-21). This prevents power from reaching 
sec- f the pilot motor of the relay time element, and there is no movement 
the f of the sequence drum and recalibrating cam. The current element and 
slip- | the drum remain in the positions shown until the synchronous motor 
nove — reaches about 90 per cent speed. 





en a se ° . 

ppo- Beginning of Time Period 

cur- |} The magnetic pull of the relay current element decreases with gain 
:un- f in motor speed, but the rate of decrease is slight until after 75 per cent 


mag- f) speed is attained. Above this speed the rate of decrease is rapid, and 
) the pull falls off sharply, while the motor passes through the region of 
ween — 85-95 per cent full speed. The spring tension of the current element 
nt is f) is such that it overcomes the magnetic pull at about 90 per cent full 
1 the f speed as shown at B in Fig. 2a, thereby closing its contact (9-21). 
rsec- } This energizes the pilot motor of the relay time element through fingers 
cillo- [| (16-18) to cause the sequence drum shaft and cam to start and proceed 
) through one complete revolution. After a few degrees movement finger 
| 14 makes contact to connect the pilot motor across the line so that 
| continued rotation is guaranteed until the original position is reached. 
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al. 
sai. i Recalibration of Current Element During Time Period 
cillo- | Within the first 30 degree rotation of the sequence drum shaft, the 


after [) Tecalibrating cam operates to release spring tension abruptly, C in 
ghest § Fig. 2a, so that its pull is overcome by existing magnetic pull. The 
, ie. |) @'mature moves to open the current-element contact (9-21). While 
This j this contact is open, fingers 12 and 14 make contact. Finger 12 closes 














1.62 Y shunt relay ICR so that the next time the contact (9-21) closes, 
cond. ff finger 6 is energized to close the field contactor MF. After having been 
98.5 f}teleased suddenly after 30 degrees rotation, the spring tension is 
 stadually restored to its original value, as the shaft rotation proceeds 
, Fig. (§ through to 360 degrees. 
s Excitation Applied at Selected Pole Position 
sete The contact of the current element again closes when the increasing 
about fg°PTing tension overcomes magnetic pull. By the time the tension has 
ion is §g'"Creased to the balancing point the motor will have reached its maxi- 
STA }g™Um induction-motor speed, and magnetic pull will rise and fall 
sn the fgPeTiodically. The relay armature will drop only when the magnetic pull 
senta- |@'* 2t one of its periodic low points as indicated at D, Fig. 2a. This is 
notor, |geUaranteed because the rate of increase of spring tension is low com- 
posi: pared to the period of the magnetic pull. There will be a number of 
+h the @Petiods previous to operation when the opposing pulls will be nearly 
n the Meal, and since the approach is gradual, the forces will actually 
qualize first when the magnetic pull is at a periodic minimum in the 
drawD hain of oscillations. 
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Fig. 3—Arrangement for utilizing STA relay with full voltage 
starter. The timing elements on the switch are shown 
along with the cam of the current element which is fixed to the 
sequencing switch. The current-element switch is energized 
through a copper-oxide rectifier by a current transformer on the 
power line. The combined sequence and current-element switches 
are gear driven by the pilot motor, which is operated by a com- 
bination of settings of the two switches as explained in the text. 


Synchronized Period 


The magnetic pull of the relay current element assumes a constant 
reduced value corresponding to the motor load current, E in Fig. 2a. 
The time sequence drum and recalibrating cam returns to the original 
position, so that the force of spring tension greatly exceeds the oppos- 
ing magnetic pull. The current-element contact remains closed, there- 
fore, and holds excitation on the motor by virtue of the MF maintain- 
ing contacts (4-11) and (6-12). 


Pull-Out 


Any attempt to operate out of synchronism with excitation applied 
results in very high periodic input current. Automatic re-synchronizing 
following pull-out can be arranged by inserting selective jumpers B and 
C and omitting jumper A, Fig. 3. When such connections are made, 
the holding circuit for 1CR and MP is through current-element 
contact (9-21). However, the holding circuit for main contactor M is 
directly through the overload contact and “‘stop” push button. There- 
fore, a rise in line current sufficient to open contact (9-21) instantly 
drops out the motor field contactor MF and the auxiliary relay 1CR. 
The motor field is instantly removed. The closing of contactor (16-21) 
of ICR recloses the initiating circuit to the pilot motor so that the 
cycle to resynchronize will begin as soon as the line current decreases 
sufficiently to reclose the current element contact (9-21). 

Automatic shut-down of the motor due to pull-out can be arranged 
by inserting selective jumper A and omitting jumpers B and C. When 
these connections are made the holding circuit and main contactor M 
are energized through contact (17-19) of 1CR. A rise in line current 
opens contact (9-21), which drops out 1CR instantly, and in turn 
contactor M opens to stop the motor, MF opens the field circuit and 
auxiliary contacts open to prevent restarting of the pilot motor and the 
synchronizing operation does not repeat without again depressing the 
“start” push button. 
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Stories 


of Research 


Spray Analysis Method 


mes who paint pictures on cobwebs are not presented with the 
exacting problems which confront Mr. Samuel Gilman, of the West- 
inghouse Research Laboratories, in analyzing water spray for particle 
size. The water particles were moving, and no method could be devised 
to catch them and retain their shape and size. The method which 
solved the problem was a variation of the scheme used in ballistics 
analysis, photographing flying droplets instead of bullets. 

In ballistics photography, the two essential problems are timing and 
speed of exposure. The exposure must be timed to catch the projectile 
within the camera field. The speed of the exposure must be such that, 
if 10 per cent distortion is permissible, the moving object must not have 
had a displacement of more than 10 per cent of its length during the 
time of the exposure. A rifle bullet travels some 2600 feet per second 
against about five inches per second for the water particle. The rifle 
bullet is, however, over 1000 times as large, so the problems of exposure 
time are comparable and both are solved in a similar manner. Mr. Gil- 
man uses stored energy from a condenser that is slowly charged until it 
discharges at a preset voltage, about 5500 volts. This, in a suitably de- 
signed electrical circuit, gives an exposure of one one-hundred-thou- 
sandth of a second. 

In both types of photographs, the moving object passes between the 
camera and the light source. However, the bullet is opaque, whereas 
the water particles not only pass light, but act as lenses and diffuse light 
from the source so that the definition of the droplets is distorted or lost. 
To counteract this and other effects engendered by the fact that the 
spray contains many divergently moving particles as opposed to a single 
projectile, the physical and optical arrangement of the apparatus devi- 
ated sharply from that of ballistics practice. 

The stream of water particles had to be paraded past the light source 
in a thin vertical sheet. Water and air mixed under compression are 
impinged on to a metal plate in which there is a vertical slit. The cham- 
ber in which particles are photographed is fitted with a channel and 


Fig. 1—Particle portrait in ten millionths second, by Gilman. 





suction fan to keep the droplets moving in the proper plane and direc- 
tion, and to keep camera and condenser lenses from fogging. On oppo- 
site sides of the channel, normal to the plane of the moving mist, are 
two holes. The light source and camera are on opposite sides and face 
each other through the two holes. 

The lens action of the drops necessitated the concentration of the 
beam so that the diffused light from the particles in the field would be 


Pe he 


Fig. 2—Not Jupiter’s moons or the Milky Way, merely a photo- 
micrograph of the negative of some minute water particles. 


small in comparison with that of the light source. Thus the particles 
would show against the light source as a shadow. A condensing lens 
was placed between the spark-gap light source and the channel aperture 
to concentrate the light rays at the camera lens surface. 

The manner of placing the camera before the aperture, with the light 
source showing through the other aperture in the background is shown 
in Fig. 1. The water particles appear as black spots. This type of picture 
is magnified and thrown on aruled screen where the images are accurately 
measured. A photomicrograph of a portion of the negative (Fig. 2) shows 
water particles at large magnification. The light area of the center of 
the photographJs a function of the photograph grain and not related to 
the experiment. This technique will be valuable for the further critical 
study of all processes involving vaporization of liquids. 


By Their Light We Shall Know Them 


UNGSTEN wire for radio tubes is indistinguishable to the eye from> 
wire made of tungsten with thorium dissolved in it. Both tungsten 
and thoriated tungsten are used extensively as electron emitters. But 
they perform quite differently and cannot be used interchangeably. Inf 
spite of utmost precautions in manufacture there is always the risk that 
the stock of these may become mixed and there is no simple mechanical f 

















Dr. N. C. Beese, by means of a spectroscope, examines a wiré 
volatilized in an electric arc to check its metallic constituents % 
indicated by the characteristic lines visible in the spectrum image. 
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or visual test for sure segregation. With radio tubes so vital to the war 


D0- effort and with the materials none too plentiful it is essential that waste 

are be avoided. Dr. N. C. Beese of the Westinghouse Lamp Research Labo- 
ice ratories developed a sure test, based on the spectroscope. 

He devised a simple means for melting a small bit of the wire in ques- 

the tion and observing its spectrum in the spectroscope. If thorium is pres- 

be ent, two lines in particular are clearly apparent, in addition to the lines 


of tungsten. The test is quick and sure. It bars mistakes in tube-fila- 
ment material. 
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production to within a per cent or so was adequate. Accelerated 
| competition, specialized uses for materials and other factors brought 
the accepted inclusion of impurities down to a fraction of a per cent. 
Years of research developed materials wherein the permissible impurity 
inclusion was reduced to one one-thousandth of a per cent. Such 
specifications called for a quality control accurate to the unheard of 
figure of plus or minus two ten-thousandths of a per cent. These tests 
are now run with ease and speed. 

Research has proved that any alloying or impurity in iron definitely 
affects its magnetic properties. This is especially true of elements such 
as oxygen and carbon, which, in small amounts, are in solid solution 
with the iron, but lie interposed in the iron lattice as opposed to silicon 
Which replaces an iron atom and becomes an integral part of the iron 
crystal and has a relatively small effect on the permeability and other 
magnetic characteristics of the material. In the manufacture of Hipersil 
the allowable carbon content has been determined by research to be 
five one-thousandths of a per cent while that of oxygen has not yet 
been definitely ascertained. 

Dr. T. D. Yensen, of the Westinghouse Research Laboratories de- 
veloped test methods that not only are accurate to five ten-thousandths 
of a per cent in the case of carbon and two ten-thousandths of a per 
cent of oxygen, but cuts the test-running time from the two hours 
required by old methods for each element to fifteen minutes. 

The sample is heated in a graphite crucible in an evacuated system of 
glass tubes. The resultant carbon monoxide is passed through a 
catalyst composed of copper oxide where another atom of oxygen is 
added, making carbon dioxide. This is frozen by means of liquid air 
and thus isolated from the rest of the gas. Again vaporized, it is trans- 
ferred to another and much smaller trap where it is again frozen out 
by liquid air and isolated. By means of calibrated volumes, the carbon 
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dioxide, once more in gaseous form, is measured by means of mercury 

> ’) . 
columns, giving the oxygen content of the sample directly in milli- 
grams. Carbon is similarly determined by burning to carbon dioxide. 


Electronic Ouija Board for Powder Metallurgy 


= NEW industrial development poses many questions of procedure 
answerable only by research, and the growing use of powder metal- 
lurgy is no exception. In designing molds, it is necessary to know how 
much to allow for shrinkage or expansion of a metal of a certain particle 
size, sintered at a definite temperature for a stated period of time after 
having been subjected to a given pressure. This multiplicity of vari- 
ables renders trial and error methods of little value. Mr. P. R. Kalischer, 
of the Westinghouse Research Laboratories, has developed a system 
whereby he can secure graphs which automatically show expansion 
versus time, temperature, or any other component that lends itself to 
translation in millivolts. 

The metal is heated in a controlled atmosphere by an electric furnace 
to any degree of temperature desired and this temperature is recorded 
by a potentiometer. The revolving slide wire portion of this latter in- 
strument is connected to the sending portion of a synchrotie system, the 
receiver operating the chart movement of a second recording instru- 
ment. The stylus of this second instrument is operated by an electronic 
device which translates changes in the length of the simple metal into 
millivolts. The two movable components thus describe a graph show- 
ing, in this instance, temperature versus expansion. 

A continuous graph of temperature versus expansion can be made 
from room temperature to 1100° C and back to room temperature upon 
which is shown slope of expansion curve to the inflection temperature 
where the expansion and contraction equalize, and the curve flattens. 
Beyond this point contraction predominates, and when allowed to cool 
again, the trace shows the path of contraction at various temperatures 
to room temperature where the difference between the starting and fin- 
ishing of the trace measures the resultant shrink in thousandths of an 
inch. By determining the necessary sintering temperature, running the 
temperature on the sample only to that temperature and return, the net 
shrink for a specific particles size and temperature can be interpolated 
to within 1/10 000 inch. 

This device has been used extensively to good advantage for a number 
of operations in the Westinghouse Research Laboratories. Some of its 
uses have been of a routine nature while some have been in connection 
with secret activities. The apparatus is maintained in a mobile state so 
that it can be easily changed about to meet any special needs arising 
from a particular job. As a result, there is no set arrangement, and it is 
purely a laboratory device and not available commercially. 









versus time or any other com- 
ponent that lends itself to 
translation into millivolts. Mr. 
P. R. Kalischer is annotating 
a graph that has been automati- 
cally described by the stylus in 
the recording instrument seen 
to the right in the upper picture. 









New England Utility Adopts Cubicle Switchgear 


Should a bus structure consist of concrete cells with buses, switches, etc., assembled on the site or a factory-built metal 
structure that can be moved in as a complete unit? On the basis of reduction in weight, lower cost of foundations, savings 
in installation charges, use of less critical materials, and better performance expectancy, the metal-clad construction was 
chosen by the Cambridge Electric Light Company for its expansion of facilities when such factors are vital. 


HE Cambridge Electric Light Com- 
ies in 1940 was faced with the 
problem of providing its main station at 
Blackstone Street with additional 13.5- 
kv transmission and distribution feed- 
ers. This company supplies from its 
Blackstone Street Station power to a six-square-mile area of 
heavy load density that includes the residential area of Cam- 
bridge, Town of Belmont, Massachusetts Institute of Tech- 
nology, Harvard University, and several industrial plants. 
Growth of load in this area dictated an expansion of distribu- 
tion facilities and another transmission tie with its neighbor- 
ing utility, the Boston Edison Company. However, the lack 
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Cambridge Electric Light Co. 


Fig. 1— Below the double-bus metal-clad units is this structure containing current 


of vacant cells or space for them in the 
existing switch house made it necessary 
to build an addition to the plant to pro- 
vide for the new circuits. Also the old 
circuit breakers on the generator and 
transmission were inadequate to inter- 
rupt the calculated short-circuit current possible with the 
contemplated extensions and changes. 


The New Installation 


After considerable study, an addition was built onto the 
existing switch house. The important circuits were grouped 
on a new double-bus section with two 1 000 000-kva oil cir- 


and potential transformers and disconnecting switches 
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Fig. 2—Wiring diagram showing grouping of circuits in the 
new bus section, and their relation with the existing equipment. 


cuit breakers on each circuit. The connection arrangement 
of this bus section, and its relation to the other 13.8-kv cir- 
cuits in the station is shown in Fig. 2. 

The cubicles, comprising the two bus sections, are ar- 
ranged on the second floor with a fire wall between them. 
These are shown in Fig. 3. One group of these units is shown 
in Fig. 4. The outgoing leads, after passing through the floor, 
are connected by a metal-enclosed bus through the current 
transformers and terminate in a metal pothead compartment 
equipped with gang-operated cable disconnecting switches. 
Against the wall opposite the pothead compartment are 
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: Fig. 3— This section through the new switch-house addition shows 
the relative location of the various units, their compact arrange- 
ment and isolation and accessibility of the breaker cubicles. 
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Fig. 4—One of two new metal-clad bus structures. These two, 


comprising the doubie-bus arrangement, are separated by a fire- 
wall and located on the second floor of the new switch house. 


mounted enclosures with drawout-type potential trans- 
formers, connected to each circuit. The metal segregation of 
phases is maintained throughout all of these connections, 
the potential transformers being connected line to ground. 
The arrangement of this equipment on the first floor is shown 
in Fig. 1. 

Key-type interlocks prevent opening the breaker isolating 
switches unless the circuit breaker is open, and permit access 
to the breaker compartment only while these switches are in 
the open position. The interlocking scheme is also extended 
to the cable-isolating disconnecting switches on the first 
floor and makes it impossible to open these switches while 
the line is energized from either bus section. 

Metal-enclosed bus runs are used to connect the new bus 
sections with those in the older portion of the station and 
these connections, as well as the new circuit-breaker cubicles, 
were insulated from ground and protected by means of the 
fault-bus relaying scheme. 


Reasons for Selecting Metal-Clad Bus Units 


The decision for adopting the fabricated, factory-built 
cubicle-type switchgear instead of the concrete-cell construc- 
tion was reached after a careful study of the two. Initially 
installations by other utilities of metal-clad switchgear were 
visited and their performance record studied. It appeared 
that, in every case, the metal-clad construction was consid- 
ered superior to masonry. A‘ cost comparison showed that 
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when engineering, supervision, etc., were considered, no 
money could be saved in masonry construction. The entire 
switch-house addition, including building design and final 
grading, could be planned and supervised by our own engi- 
neering force. With masonry construction, most of the en- 
gineering would have to be done by an outside firm. Safety 
and electrical features were incorporated in this design, 
which would have been difficult, if not impossible, to include 
in masonry construction. Metal-clad units have flash or 
fault-bus protection, complete metal-phase segregation, in- 
terlocks on disconnects, oil circuit breakers, and cubicle-cell 
doors, potential-transformer drawout cubicles, and elimina- 
tion of probability or possibility of phase-to-phase faults. 

Savings in building construction result from lighter weight 
equipment, simplicity of building design, and from the sav- 
ings in building space formerly taken up by concrete cell 
walls and partitions. The overall result is a lower building 
cost per cubic foot and per circuit. 

The metal-clad units were simpler and cheaper to install. 
All installation and connection work was done by our own 
electricians after riggers had moved them into place. 

We also found it profitable to take advantage of the manu- 
facturer’s engineering experience built into the design of 
the equipment, and his engineering help in selecting the 
units of the switchgear, their layout and installation in 
the building. The high-potential dielectric test of 54 kv at 60 
cycles, and other tests at the factory on the assembled equip- 
ment in the position it will ultimately operate is an advantage 


over masonry-contained switchgear. Satisfactory high- 
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Recently placed in service, this 3600-rpm tandem compound turbine gener- 
ator is now providing 45 000 kw of power for war production. Built for 
the Connecticut Light and Power Co., the turbine is designed for steam 
conditions of 850 pounds per square inch and 925 degrees F. The gener- 
ator is hydrogen cooled and is rated at 50 000 kva at 144 pounds hydro- 
gen pressure. The associated equipment includes a surface condenser with 
an area of 30 000 square feet. Propeller-type circulating pumps are used. 





potential dielectric testing on the site is difficult. 

The time and trouble saved by purchasing and installing 
factory-assembled equipment in these days of priorities and 
long-time deliveries is another point in its favor over mason- 
ry construction where a bottleneck at any one of many vital 
points may mean the tie-up of the whole job. In addition to 
this, it is believed that, when the whole project, including 
the building is considered, there is an overall saving in crit- 
ical materials with this type of construction. 

In the design of the building, considerable care was taken 
to insure that faults in any of the new bus rooms or old bus 
rooms would not involve the other buses. There are no 
direct communicating doors between rooms, because they 
are separated by an areaway. Each room is provided with a 
d-c exhaust fan with an automatic damper. A fresh-air inlet 
makes it possible to ventilate each bus room separately 
and independently of the others. Heating is done by unit- 
type electric heaters controlled by the thermostats in each 
room, thus eliminating another source of mutual contami- 
nation of the bus rooms. 

Because the 13.8-kv distribution feeders on the old buses 
are on a loop system with one end of each loop on each bus, 
it is now possible to experience a fault on any of the four 
13.8-kv buses without service outage. If faults do occur on 
the new cubicle switchgear or bus-tie runs, the faster relay 
action accomplished by the flash-bus protection and the limit- 
ing of faults to ground faults of 1/20 of the. short-circuit 
current, results in less line disturbance and generally 
smoother opetation on the system. 
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Meeting the Oil-Transportation Emergency” 


Our petroleum-transportation system was one of the first major casualties of the war. With the loss of 


the tankers plying the route from the Gulf to the Atlantic seaboard went the customary means of transporting 


virtually all the petroleum for the Eastern states. Automobiles can be short rationed, but not war produc- 


tion or the supply for our fighting forces, and people must not freeze. How this emergency is being met by 


railroad tank cars, trucks, barges, and pipe lines is a brilliant episode in the history of transportation. 
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Many modern high-speed tankers like this, with Westinghouse turbine 
or turbine-electric drive, are still in service and many more are under 
construction, but not to deliver petroleum to the Atlantic Coast states. 


| mgs is desperately short in the Atlantic Coast 
states, the large centers of population. The only thing 
simple about this problem is the ease with which its cause 
can be stated. It is a matter of transportation. Seagoing 
tankers that had normally supplied 95 per cent of the At- 
lantic seaboard requirements have almost disappeared from 
this service, thanks to the submarine and to military needs 
abroad. Only an occasional tanker makes the long trip from 
Gulf ports to the Atlantic Coast terminals, and then usually 
to relieve some dire local emergency. Deliveries by tankers 
cannot, for the duration, be figured in the eastern totals. 


Some means has had to be found quickly for increasing the 
delivery of petroleum to these coastal states by inland 
carriers. Before the war, only about sixty thousand barrels 
a day had been reaching this area by inland routes. This had 
to be increased to a million four hundred thousand a day— 
an increase of nearly twenty-five times, all within the short 
space of a few months; and quite possibly military demands 
will increase this need still more. The need for doing this 
has been no less than to keep people from freezing, to prevent 
shut down of munitions and war-material plants, and to en- 
able our Army and Navy to carry the fight to the enemy. 

Lest we fail to grasp the magnitude of the problem, con- 
sider the bulk involved in moving 1 400 000 barrels of 
petroleum every day a distance of 1500 miles; from the 
fields of the Midwest and of the Southwest to the big re- 
fineries and terminals and consuming centers of Pennsyl- 
vania, New Jersey, New York, New England states and others 
on the Atlantic seaboard. This is more than one third of the 


*This article was prepared by the staff of Westinghouse ENGI- 
NEER and is based on information from many sources. Particular] 
helpful were members of the Transportation Division, Petroleum Ad- 
ministrator for War; representatives of the Office of Defense Transpor- 
tation, and of the Petroleum Industry Council for War; Mr. A. J. 
Bessolo, Manager of Traffic, Gulf Oil Company; and members of the 
Petroleum Section, Westinghouse Electric & Mfg. Co. 





The records of petroleum shipments 
into the Atlantic Coast states since the 
war’s beginning tell a graphic story of 
a dire emergency and how the petro- 
leum and transportation industry is ris- BY TANK 
ing to meet it. At the time of Pearl CARS 

Harbor about a million and a half bar- 
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in the eastern region, virtually all of it 
being transported from the oil fields of 
the Southwest by ocean tanker. By 
late summer last year delivery by tank- 
er had dropped to less than a tenth of 
normal. Because of rising military de- 
mands and because the load could not 
be shouldered by inland transporta: 
tion systems as rapidly as tankers 
dropped it, there have been cold homes 
in the East. By the end of this year it 
is expected that inland systems will 
have assumed all this load and more. 
But in this lies no hope for greater 
quantities of fuel for furnaces and auto- 
mobiles because anticipated military 
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total United States daily consumption and is equivalent to a 
50-car train of tank cars arriving at its eastern terminals 
every eleven minutes day and night. It is about 200 000 tons 
daily or 300 million ton miles each 24 hours. 

This new load, it should be remembered, was imposed on 
inland transportation systems when they were already carry- 
ing enormous wartime burdens. Further, they were strug- 
gling with serious shortages of manpower because of military 
requirements, and were severely limited by lack of steel and 
other materials for expanding transportation facilities ex- 
tensively. The story of the solution to this problem consti- 
tutes an epic in the history of transportation. 


Ocean Tankers Had Carried the Load 


The oil tanker has been the mode of transport to the east 
coast, established simply by the law of economics. A modern 
tanker, propelled by geared turbine or electric motor, carries 
100 000 to 150 000 barrels of oil—the capacity of 400 to 600 
tank cars—and can deliver its product to the eastern tide- 
water terminals at an average charter rate of 42 cents per 
barrel. (A barrel of petroleum is 42 gallons.) By rail the cost 
is about $1.70, over four times as much as by tanker. Hence 
the eastern seaboard was supplied by the water route. 

A portion of the many products of these refineries and 
terminals on the east coast—which include various grades 
of gasoline, kerosene, fuel oil, lubricants—was shipped 
westward by rail, pipe line, and truck as far as the western 
edge of the Alleghenies. The Pennsylvania-Ohio boundary 
had proved to be about the economic balance line for compe- 
tition with Midwest refineries, which are supplied with 
crude oil by barge up the Mississippi River, by tank car, 
and by pipe line. Now this westward flow had to be wholly re- 
versed—all petroleum must flow eastward. This posed many 
technical problems. It would seem easy, for example, to 
bring tank cars to these same tidewater refineries and 
terminals. But in most cases the pumps for discharging the 








To start a pump at one of the Plantation Pipe Line stations the operator 
simply pushes a button. His control and teletype desk, the nerve center of 
the station, is separated from the pump room by a vapor-tight partition. 
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The capacity of the Plantation Pipe Line, built only a year ago, has been increased 50 
stations, the pumps are driven by 600- or 900-hp motors, which are identical in physical 


cargo into shore storage were located on the tankers. Tank 
cars could not be unloaded at these tidewater terminals until 
large-capacity pumping equipment could be installed. This 
called for large numbers of pumps, electric motors, and 
controls in a hurry. This, however, was only one of the 
many technical problems. 


The Railroads Fill the Breach 


Of the several means of inland transportation—rail tank 
car, highway tank truck, river barge, and underground pipe 
line—the tank car was the first able to shoulder the burden. 
When the blow struck, less than one-half of one per cent or 
only about 5000 barrels a day of eastern seaboard require- 
ments were supplied by tank car. It was freely predicted 
by some that the best efforts of the railroads would not ex- 
ceed 200 000 barrels per day—far short of the 1 400 000- 
barrel-a-day minimum requirements. How well the railroads 
measured up to the emergency is indicated by the fact that 
they are now steadily delivering about 815 000 barrels daily, 
and have on occasion averaged for a period of a week more 
than 850 000 barrels per day. Probably experienced railroad 
men themselves were surprised at this performance. 

Thousands of cars were diverted from service in the 
Middle West and elsewhere—which immediately created a 
petroleum transportation problem in those areas, and neces- 
sitated a reorganization of the transportation systems there. 
Also, into the rapidly growing pool of active tank cars for 
the East were placed a number of tank cars previously en- 
gaged in short-haul service. On the principle that every gallon 
counts, all possible conversions were made. To cite an ex- 
ample, 700 wine tank cars were diverted to industrial-alcohol 
service, which released a similar number of cars to petroleum 


Westinghouse Engineer 








creased 50 per cent by addition of 14 booster stations such as this. Like at the original 
n physical dimensions. These are the largest explosion-resisting electric motors ever built. 


duty. Altogether, some 70 000 tank cars of the total of about 
120 000 in petroleum service have been rounded up for 
eastern-seaboard use, and are restricted to that service by 
the Office of Defense Transportation. 

It is these 70 000 cars that are doing the job. This num- 
ber will not likely be appreciably increased. A number of 
expedients are being tried to supplement them, such as 
schemes for lining box cars to make them suitable for carry- 
ing liquids. Also, experimentally, gondolas are being made 
tight by welding and covered with wood. To relieve a cold- 
weather crisis in New England 55-gallon drums were filled 
with kerosene and shipped to that region in box cars. By 
this means about 25 000 barrels were delivered. (In the 
Boston area alone some 200 000 people are dependent on 
kerosene-fired stoves for heating and cooking.) This method 
of transporting fuel is costly, but in the present emergency 
cost is a secondary matter. 

Various things have contributed to the sharp rise in 
tank-car efficiency. Railroads, with the cooperation of the 
Office of Defense Transportation, have brought movements 
of oil trains literally up to passenger-train schedules. Loss 
in time by breakdowns has been reduced by careful and 
frequent inspections en route, and by improved shop-repair 
methods. The number of cars removed for repair from the 
trains on their long runs has been reduced 75 per cent in the 
past year. Increased trackage space, improved loading and 
unloading facilities to hasten turnarounds have helped. 

Perhaps the largest factor contributing to increased de- 
liveries by a given number of tank cars is a principle of oper- 
ation laid down by the Office of Defense Transportation. 
With a few exceptions, tank cars must now move only as 
solid trains and for runs of not less than 200 miles. Before 
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the war many small communities were served by tank cars 
brought from main supply centers or refineries fifty or a 
hundred miles away. Because of lack of storage facilities, in 
some cases tank cars themselves served for days as reser- 
voirs at these small delivery points. Now, tank cars are de- 
livered in train-load lots to many large central receiving 
points in the East-Coast and New England areas that are 
equipped to handle such shipments with dispatch. From these 
points oil and gasoline must be distributed to surrounding 
communities and consumers by tank trucks. In other words, 
the most effective use of tank cars and tank trucks, acting for 
the duration as a team instead of as competitors, can be 
made by restricting tank cars to high-speed hauls of not less 
than 200 miles and in train-size groups to central ter- 
minals, and by confining the use of trucks to local deliveries 
of less than 200 miles. The change in tank-car operation is 
indicated by the increase in length of average tank-car round- 
trip hauls from 180 miles before the war to nearly 3200 
miles average now. 

The enormous increase in size of receiving centers has 
increased the storage-tank capacity necessary, and has re- 
quired more switch tracks. Whereas pumps of 50 gallons 
per minute previously were adequate, pumping equipment 
many times larger is now required. 

A prominent oil company official succinctly summed up 
the contribution of the railroads in this emergency by the 
remark, ““The railroads saved us.” 


The Highways also Serve 


The tank truck is important in this complex picture of 
petroleum-transportation reorganization. In fact, one solu- 
tion early suggested for the emergency was to build and 
place large fleets of trucks in shuttle service between the 
oil fields and the coastal states. Why not? The average truck 
transport (truck and trailer) hauls 5000 to 8000 gallons 
(120 to 190 barrels) and a few of the most modern ones haul 
12 000 gallons (285 barrels). The average tank car holds from 
200 to 225 barrels. But the proposal to ease the shortage by 
long-haul trucks does not bear scrutiny. For continuous 
runs over long distances each truck must have a crew of 
three men, whereas a half-dozen men suffice for an entire 
train of tank cars. The cost in rubber alone under present 





Three 900-hp explosion-resisting Westinghouse pump motors in one of 
the original Plantation Pipe Line stations. The pumps throughout the 
1700 miles of line are driven by motors such as these, totaling 51 000 hp. 
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conditions would be intolerable. Sufficient numbers of tank 
trucks we do not have and to build them would require time 
and material, both of which are painfully short. Tank cars 
we do have. 

This is not the worst problem facing the truck operator. 
It is the barriers of state lines. Someone has said, and no 
doubt correctly, that a single truck could not be built that 
would be legal in every state of the 48. One state may permit 
the use of 11 000-gallon trucks, but the one adjoining may 
limit them to 4000-gallon capacity. Some states grant 
reciprocity on license fees, but others require annual fees 
of from $500 to $750 for each truck, regardless of license 
by other states. These differing state restrictions have been 
a serious handicap to the full use of the truck transport in 
this present emergency. Eventually they may be removed or 
waived for the duration, but state legislatures are not swift 
moving, and to obtain concerted action by 48 highly indi- 
vidualistic state bodies is not a simple matter. Meanwhile, 
winters and war do not wait. 

Movement by tank truck is for the most part being con- 
fined to short hauls. The function of highway transports is 
to distribute petroleum products from refineries—and the 
large central points served by tank car, barge, and pipe line— 
to the surrounding communities. This policy has made it 
possible to release about 15 000 tank cars to more efficient 
long-haul duty. 

This program has altered many truck-transport routes 
and has sprouted many thorny problems. Loading plat- 


forms, previously adequate, have been so hopelessly swamped 
that, pending construction of new facilities, including pip- 
ing, meters, pumps, electric motors, and control, trucks 
have had to wait in line sometimes hours for their loads. 
Under the new ruling, areas in some towns must be served 
over mountain roads instead of by rail—and truck rates 
probably had been established on the basis of flat-country 
operation, which raises problems in economics for the 
truck operator. Some trucks that have always carried gaso- 
line are now asked to carry crude oil and fuel oil, which is 
10 to 15 per cent heavier. Because state-highway restric- 
tions are based on weight, the trucks are compelled to run 
only partially full. This represents a serious loss to the truck 
owner, for his deliveries are paid for on the basis of gallons, 
not pounds. It is also a serious loss to the oil-consuming 
public because the gallons not hauled cannot be made up. 

Regardless of handicaps the trucks have readily assumed 
their portion of the burden. Trucks have an indispensable, 
integral place in the transportation program. 


Old Man River Does His Share 


The waterways must not be overlooked as a carrier. To 
most people the amount of traffic borne by the rivers is sur- 
prising. Barges account for about 100000 barrels of oil 
daily to the eastern area. This means that from ten to fifteen 
barges unload their burden each 24 hours. About 1200 
barges are now, or soon will be, in continuous service. Half 
of these are pushed by paddle-wheel steamers up the Missis- 

sippi River. In many cases they start at 
Helena, ‘Arkansas, now the eastern end of 
a pipe line that takes the short cut from 
the Texas fields, saving the long barge haul 











around by the Mississippi delta. These un- 
load at Cincinnati and other river towns, 
even as far up as Pittsburgh on the Ohio 
River. These barges are pushed upstream 
about four miles per hour; a round trip 
from Port Arthur to Pittsburgh takes 45 to 
50 days, and from Helena to Pittsburgh, 
about 28 days. 

Another 400 barges (of the 1200) are 
towed through the inland waterways bor- 
dering the Gulf of Mexico from Texas 
ports to Carrabelle, on the west coast of 
Florida. There they will disgorge their liquid 
cargo to a pipe line across the upper neck 
of Florida to Jacksonville, where barges 
again assume the burden. The remaining 
tow barges will run up the coast to Norfolk 
in the protected inland waterways consist- 
ing of coastal rivers, bays, and canals. 

This fleet of barges is being augmented. 
.In normal times great quantities of dry 
cargo (coal, iron ore, and such) are 


The railroads increased their deliveries by _ 
tank car into the eastern region by more than 
150 times in the course of only a few months. 
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Oil Company is one most 
modern seen on inland rivers. 
It is equipped both to carry a 
large load itself and to push 
several barges. It is able to 


ern river boats it is screw driven. 


shipped in barges downstream on the Mississippi and its 
tributaries. The war has greatly decreased this downstream 
movement of dry materials, while the need for moving 
petroleum upstream has enormously increased. A program 
of converting 259 surplus dry-cargo barges for the movement 
of petroleum upstream has begun, but the number of con- 
versions actually made will depend on how much motive 
power can be provided. Some new tugboats will be built, 
the number depending on available materials. 

In addition to converted barges about 500 new ones are 
being constructed of wood. Each is to have a capacity of 
6000 barrels (average for steel barges is 8000 barrels), and 
will have the new streamlined rake ends, which reduces the 
energy required to push them. 


Oil by Underground 


Pipe lines are a major-league industry. By the onset of 
the war it had become a billion-dollar business. The total 
length of oil and gas pipe of all sizes buried in United States 
soil had grown to nearly 128000 miles, equal to a line 
encircling the globe five times. A map of the country’s pipe 
lines shows a veritable maze of lines throughout the oil 
fields of Texas, Oklahoma, and Kansas, with several trunk 
lines extending up and eastward across Missouri, Indiana, 
Ohio, to another vast network of lines in Ohio, West Vir- 
ginia, and Pennsylvania. Other parts of the country have 
some of these underground channels, particularly Cali- 
fornia and the southeast. By the end of 1942 about four 
million barrels of petroleum and petroleum products were 
being delivered daily by pipe line to refineries and terminals 
throughout the United States. 

To bring these lines into a completely reorganized and 
thoroughly coordinated transportation 
program to meet the eastern emergency 
has required many steps. Only a few 
of the more significant ones can be 
mentioned here. 

The flow in many existing lines had 
to be reversed. For example, three lines 
running across Pennsylvania, totaling 
60000 barrels per day, have been 
reversed, carrying petroleum to the East 
instead of refined products from the 
East. Flow in a line from Dallas to Port 


Deliveries refineries and terminals served 
by saadh ny sade icon nds by woe 
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Arthur was similarly reversed. These reversals and conver- 
sions have entailed major piping changes at pump stations, 
the construction of new links to connect previously unre- 
lated lines together, and moving some pump stations 
because down grades now become up grades and vice versa. 

Crude oil still flows by pipe lines from the Texas fields to 
the Gulf ports, but the quantity is much less than normal 
now that tankers have gone with the war. Hence, there is 
(or was) a surplus of pipe lines in Texas. Several of them 
have been dug up and moved with their pumping equipment 
elsewhere. The 30 000-barrel line across Florida, soon to be 
placed in service, originally saw service in Texas. This line, 
which will be served by barges towed along the protected 
inland waterways, will eliminate the long—and hazardous— 
ocean trip around Florida. 

Various expedients have been effected to increase the 
capacity of existing lines. Booster stations have been added 
to some. The power of existing Diesel engines has been 
increased by the addition of superchargers. 

Headliner of all new crude-oil lines is, of course, the 
much heralded Big Inch line. This line with its 24-inch 
diameter pipe dwarfs all previous ones. A man can easily 
crawl through such a pipe. In fact, men did crawl through 
to clean it before it was placed in service. A 24-inch line 
is equal in carrying capacity to about eight 10-inch lines. 

This super pipe line originally connected Longview, 
Texas to Norris City, Illinois, a distance of 530 miles. It is 
now being extended another 723 miles across Indiana, Ohio, 
and southern Pennsylvania to a point west of Philadelphia, 
where it divides, one branch going north to the refineries 
in the New York areas, and another to the Philadelphia region. 
This line has a capacity of 300 000 barrels daily and is in- 











| 
| 
| 
ij 
} 
ti 





























tended to carry crude oil and heating oil. It was built as a 
project by the War Emergency Pipelines, Inc., a non- 
profit organization financed by the Defense Plant Corpora- 
tion and manned by experts from leading oil companies. 
Another major addition to the pipe-line system of the 
country now under way, also an enterprise of War Emer- 
gency Pipelines, Inc., is a 20-inch line for carrying refined 
products. This line begins near Beaumont, Texas, joins the 
Big Inch line right of way near Little Rock, and thence- 
forth shares its right of way up to Seymour, Indiana. This 
line is planned for completion in September 1943. This 
products line will be continued, to parallel its big brother 
to the eastern seaboard, to shorten tank-car hauls. 
Altogether, since the inauguration of the government and 
industry emergency pipe-line program late in the spring of 
1942, over 3600 miles of pipe line have been completed. Of 
this, 1850 miles have been built with pipe reclaimed from 
idle and partially idle systems, or lines less important to 
the national picture. The remaining 1750 miles is built 
with new steel and equipment. The flow in some 2900 miles 
of previously existing line is or will be reversed. Some 300 
miles of natural-gas line have been or will be converted. 


The Problem Is Nationwide 


The decisions as to the relative part of each element in 
the reorganized petroleum-transportation picture have been 
hard ones to make. Each problem presented many variables, 
and superimposed on these was the impending crisis of oil 
shortage along the east coast. However, some generalized 
figures have been useful in assisting with decisions. With 
steel critically short, the amount of oil that can be de- 
livered to the east coast from the Texas fields per ton of 
steel by each type of carrier is significant. Barges can de- 
liver to Pittsburgh from Baton Rouge about 0.52 barrel of 
oil per ton steel. For tank cars (including locomotive) the 
figure is 0.57 barrel. Tankers of the large size and modern 
construction and operated in convoys can bring up 0.95 
barrel per ton of steel. 
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In each pumping station on the Big Inch Line are three pumps in series, each driven by a 1500-hp induction motor. The pump room and the motor 
room are separated by a fire wall. The motors are cooled by air drawn in at the ends and discharged at the top through a stack to the roof. 


Because the discussion has been confined to the technical 


aspects of delivering 1 400 000 barrels of oil (and probably 
much more as military needs increase) to the Atlantic 
Coast states by inland methods the impression may be 
created that the problem is confined to those states. Any 
resident of an oil-heated home or the manager of an oil- 
burning plant in the Middle or Far West will testify that 
such is not the tase. Their problem is less critical only by 
degree. In the Pacific Northwest the shortage springs from 
the same cause that troubles the east coast—shortage of 
tankers. Elsewhere, the shortage results principally from 
the diversion of some of the tank cars, normally servicing 
a specific region, to duty for the eastern seaboard. 

All in all, it is a fearfully complex problem. In any task 
so enormous, involving so many people and their purses, 
requiring such uprooting of established modes of operation, 
there are bound to be pronounced differences of opinion, 
loud creaking of wheels, and some mistakes. Time, materials, 
men, and men’s patience have been understandably short. 
But, if we may be permitted to make an honest observation 
based on considerable first-hand contact with men both in 
the government coordinating agencies and in the actual 
industries concerned, the job is being done, and rather well. 
Certainly the transportation groups turned in unbelievable 
performances under trying conditions. There is ample evi- 
dence that the petroleum industry organized itself quickly 
and has cooperated with the government-directed program 
with a fine disregard for its own economics. The heavy, 
extra costs entailed by transporting petroleum by inland 
methods instead of by water were assumed by industry long 
before any formal assurance was given to them by the gov- 
ernment that these losses would be made up from public 
funds. Further, the industries involved have voluntarily 
made large capital investments in lines, tracks, terminals, etc. 

It has been a difficult social, political, and engineering 
task. The results are a tribute not only to the intelligence 
and cooperation of men in government and industry, but 
also the American way of doing things. 


Westinghouse Engineer 
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Distance Relaying with Low-Tension Potentials 


Many of the communications of the world are performed—and performed with complete success—through interpreters. Engineering, 


too, makes use of interpreters. Certain types of relays that protect transmission lines against faults need information from the high- 


voltage side of the line, but their informants ‘‘speak” only in terms of the low-voltage potential. A device called a compensator steps 


in to interpret accurately, for the relays, the high-voltage conditions under all conditions of fault that occur on the transmission circuit. 


ROTECTIVE relays of the directional and 
ye type must have for this oper- 
ation a source of potential as well as cur- 
rent from the line current transformers. 
This potential is obtained from potential 
transformers or devices connected either 
to the line section being protected or to 
the adjacent bus structure. Sometimes a power transformer 
is included as a part of the line section, or a high-voltage bus 
is connected to a low-voltage bus through power trans- 
formers. Frequently in these cases potential transformers or 
devices to provide the necessary voltage indication are not 
available or economically justified on the high-voltage side. 
Then the problem arises as to the means whereby use could 
be made of available low-voltage potential transformers to 
energize the protective relays. 

In applying directional overcurrent relays to protect high- 
voltage lines, the use of low-voltage potential transformers 
is often advantageous. A solid three-phase fault on the line 
near or at the current transformers reduces the high-voltage 
bus potential nearly to zero and possibly provides inade- 
quate operating torque for the directional element of the 
relay. If low-voltage potential is used instead, and fault 
power is fed through the power transformer to the line fault, 
then the directional element receives voltage equivalent to 
the drop through the power transformer. Except in rare 
cases this voltage combined with the large relay fault current 
is ample for positive operation of the over current relay 
directional element. 

On the other hand, the electrical distance to the point of 
the fault is determined by distance-type relays, on the basis 
of the ratio of voltage to current. This distance is measured 
from the point where the relay potential is obtained, provided 
current is flowing through that point. Consequently low- 
voltage potential is not satisfactory for distance relaying un- 
less the power transformer is included as a part of the im- 
pedance or reactance of the protected line, or unless there 
is no fault power flow through the power transformer. 

In modern power systems these two exceptions are seldom 
met. Therefore, a device is needed that reduces or compen- 
sates the low-voltage potential-transformer voltage by the 
equivalent drop through the power transformer for high- 
voltage line faults. The compensator is such a device. It 
makes it possible to use available low-voltage potential trans- 
formers to energize distance-type relays. 

A typical high-voltage bus section is shown in Fig. 2. A 
load is connected to this bus through a power transformer, 
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and potential transformers are available on 
the load or low-voltage side of the trans- 
former, but not on the high-voltage side. In 
this typical system it is desired to install 
distance-type relays for phase fault protec- 
tion on the transmission line extending from 
the high-voltage bus. The directions of flow 
of currents for a fault on one of these lines are shown. The 
load does not supply power to the fault. Therefore, compen- 
sators are not required because there is no voltage drop 
through the bank under fault conditions. The distance as de- 
termined by the relay is essentially that between the fault 
and the high-voltage bus or Z in the figure. (This discussion, 
as well as that following, assumes that the voltage drop 
through the power transformer caused by normal load cur- 
rent is negligible compared to that caused by fault current.) 

Another high-voltage bus is shown in Fig. 3. It is similar to 
that of Fig. 2, except that, in place of a load, a power source 
is connected on the low-voltage side. This can be either a 
generator, an equivalent power system, or synchronous load 
of sufficient capacity to provide a flow of power to a fault. 
Again high-voltage potential transformers or devices are not 
available. The distance relays protecting the high-voltage line 
should respond only to the impedance Z2, which would be the 
case if the current for the relay is taken from current trans- 
formers in the location shown, and if the potential trans- 
formers measure the high-voltage bus potential. But, with 





potential transformers are not available for distance relaying 
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Fig. 2—Typical system where low-voltage potential 
transformers can be used without compensators where 


low-voltage potential transformers located as shown, the re- 
lay voltage is increased by the drop /; Z, through the power 
transformers. The relay voltage must be corrected by a vol- 
tage of this amount. This is the function of the compensator. 

Compensators should be connected to receive a current 
proportional to /,; and be set for an impedance proportional 
to Z,. Then the output of the compensators would be propor- 
tional to J; Z;, the voltage drop across the power transform- 
ers, and should be connected so that the relays will receive a 
voltage proportional to low-voltage potential minus the com- 
pensator drop. This then provides the distance relays with a 
secondary voltage proportional to that obtainable from high- 
voltage potential transformers or devices. By using compen- 
sators as shown in Fig. 3, the distance relays can be set to 
operate for faults Z, ohms away from the high-voltage bus. 

Often two or more power banks connect the high- and low- 
voltage buses together. A typical case is shown in Fig. 4. The 
voltage drop between buses is always J; Z, equal J, Z:. Conse- 
quently, one set of compensators, receiving either /, or i 
current, and set for the corresponding impedance Z; or Z: 
respectively, is adequate. If the bank on which the compen- 
sators are connected is removed from service, then an addi- 
tional set of compensators or some switching arrangement, if 
the bank impedances are equal, must be used to provide proper 
relay potential under all operating conditions. 


How the Compensator Works 


A compensator (type KX) is shown in Fig. | and its internal 
schematic connections in Fig. 5. The mutual reactor, used to 
provide the reactance component, has air gaps in its magnetic 
circuit so that the magnetizing current is large. Consequently, 
the voltage induced in the secondary winding is approxi- 
mately 90° out of phase with the primary current. 

Resistance compensation is provided by the transformer 
and resistor. The primary of the transformer is connected 
across the resistor so that secondary voltage output of the 
transformer is proportional to and in phase with the drop 
across the resistor. 

The secondary-voltage windings of the compensator are 
provided with a number of taps. By properly adjusting these 
taps the voltage produced across the secondary terminals by 
current flowing between the primary terminals is propor- 
tional to and in phase with the drop in the transformer. 
Under these conditions the ratio between R and X in the 
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must be obtained from low-voltage potential transformers. 


compensator is the same as the ratio between R and X in the 
power transformer. Setting the compensator, then, is merely 
the process of reducing the R and X of the power transformer, 
to their equivalent values in terms of the secondary voltage 
base of the low-voltage potential transformers. This requires 
that the potential- and current-transformer ratios and the 
connections of the power and current transformers be known 
as well as the R and X values of the power transformers. 
With this information, which is shown in Fig. 6, for star- 
star connected power transformers, the compensator setting 
is as follows: The voltage drop across the compensator trans- 
former in terms of the secondary voltage of the potential 
transformer is 
ey 
R, 


where R, is the potential-transformer ratio and / is line cur- 


, : ‘ I 
rent. The current in the primary of the compensator is J, =p” 
where R, is the current-transformer ratio. The compensator 
taps are calibrated in volts compensation with five amperes 
flowing through the primary windings. Therefore, the com- 
pensator setting is 

5 1 (R+jX) 5 (R+jX) Re 

I,” R, or R, olts 
The solution of this equation will have two components, to 
be set on the R and X taps of the compensator. If the cal- 
culated values do not agree with an available tap setting, the 
next lower tap setting is recommended in order to avoid over- 
compensation. 


Low- 
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Fig. 4— Where the high- and low-voltage buses are con- 
nected together through more than one power transformer, 
one line-drop compensator will usually be sufficient. 
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Fig. 5—Schematic diagram of type KX compensator. 


The compensator voltage output is in phase with star volt- 
ages of the potential transformers as shown in Fig. 6. The 
voltages A’, B’, and C’ are equivalent to that measured by 
potential transformers or devices on the high-voltage side of 
the power transformer. 

The compensators connected to a set of current trans- 
formers outside the delta of a star-delta power transformer 
are shown in Fig. 7. R+7X in this case is normally expressed 


in ohms at line-to-neutral voltage or Va volts. The drop 
across the bank at voltage V, which appears across one trans- 
former secondary is 


VaX(RHiX) VB=T (R+{X) volts... 2... (3) 


This voltage is in phase with the high-potential, line-to-neu- 
tral voltages V4, Vz, or Vc. The compensators actually receive 
a current proportional to / and so produce an output voltage, 
/3 times J (R+jX) drop in magnitude and shifted 30° in 
phase. This is shown in the vector diagram. In terms of the 
secondary, the drop is_ 
V3 I. (R+jX) R- 
R, vo. 
Inasmuch as the compensator is calibrated in volts output for 
[,=5 amperes, the compensator setting is 
5 V8 Te Re (R+jX) _5 V3 R. (R+jX) | 
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Fig. 6—In this scheme the compensators are compensating 
Jor voltage drop across a star-star connected power transformer. 
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For accurate distance measurement on unsymmetrical 
faults it is important that the secondary-voltage output of the 
potential transformers corresponds exactly to the voltages 
of the high-tension line. To accomplish this with delta-con- 
nected power-transformer secondaries, a delta-star auxiliary 
transformer is necessary. This transformer and its connec- 
tions are shown in Figs. 7 and 8. 

The vector diagram of Fig. 7 shows that the compensated 
delta relay voltages are AB’, BC’, and CA’. Here only one 
compensator provides the drop for each phase relay delta- 
voltage while in Fig. 6 two compensators drops are combined 
to form the delta voltage for the phase relays. 

The compensators can be connected to a set of current 
transformers located inside the low-voltage delta winding of 
a star-delta power transformer. This is shown in Fig. 8. 


Vi, 
Again, with R+jX expressed in ohms at 3 volts, the drop 
across the bank is ¥ 
PURGE 4 lie cdc cess (6) 


This drop is in terms of the line-to-line voltage V,, which 
appears across each secondary transformer winding. This 
drop is in phase with the high-potential line-to-neutral vol- 
tages V4, Vz, or Vc and is proportional to the compensator out- 
put. When the drop is reduced to secondary terms, the com- 
pensator setting becomes 

5 V3 R, (R+jX) os 


v 


The setting for the compensators is the same (comparing 
equations 5 and 7) whether the compensator current trans- 
formers are located inside or outside the delta winding of the 
star-delta power transformer. The two vector diagrams of 
Figs. 7 and 8 show that this is so. Other values being equal, 
the voltage output of one compensator of Fig. 8 should be 
4/3 less than the output of one compensator of Fig. 7, because 
two compensator output voltages contribute to the delta 
relay voltage in Fig. 8. With the same setting the output 
voltage of the compensator of Fig. 8 is ‘/3 less because the 
compensator primary current is ~/3 less than that of Fig. 7. 

It is not uncommon to have the high-voltage and low-volt- 
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Impedance relay potentials are AB’, BC’, CA’. 
Fig. 7—Schematic diagram of connections for com- 
pensating for the voltage drop across a star-delta-con- 
power transformer, The scheme employs current 
transformers that are connected outside the delta. 






63 































































































‘ R + jX 
Line ce — VWI 
A 
J 
Kv i 
p—t 
Soa 
c i 
silly 
+ es, wien 
Co UL Xt Compen SO” 
mpensator aators 
Voltage 
A J 
the! A’ ~~ ARAVA 
I 
CAS OMS vga 
Cc B . R, + 
A 
¢ 
$33 
SR: 
a’ 
B’ 
c’ 








Impedance relay potentials are A’B’, B’C’, C’A’. 
Fig. 8—Schematic diagram of connections for compen- 
sating for the voltage drop across a star-delta power trans- 
former using current transformers inside the delta. 


age buses of Fig. 3 connected together by a three-winding 
transformer, as illustrated in Fig. 9. If the tertiary winding T 
is not connected to a source of power, then J; is zero, and the 
three-winding transformer becomes equivalent to the two- 
winding bank of Fig. 3, where Z; is the impedance between 
the high- and low-voltage windings. 

If, on the other hand, the tertiary winding is connected to 
a power source supplying a current /, to a transmission-line 
fault, then the voltage drop across the bank from the high- 
voltage terminal to the low-voltage potential transformer is 

Oe ee ee (8) 
where Zy and Z; are the equivalent star impedances. The im- 
pedances of a three-winding transformer are usually given as 
the impedances between each pair of the three windings in 
turn, and it is necessary to convert these impedance values 
into equivalent star impedances by the formulas given in any 
standard text or handbook. 

To provide correct compensation, two sets of compensa- 
tors are required, one receiving /,+ /, current and set for Zz, 
and the other receiving /; current and set for Z;. If high- 
voltage current transformers measuring 1+ J) are not avail- 
able, then tertiary current transformers measuring /; current 
can be used, as is apparent by rewriting eq. 8 thus: 

at ee Se ee Peer errr re (9) 

In this case one set of compensators receiving /, current 
would be set for Zy+Zz impedance, and the second set, or 
compensators receiving J; current, set for Zy impedance. 

The settings for compensators applied to three-winding 
power transformers with fault power feedback from two wind- 
ings can be derived in a similar manner from the cases for 
the two-winding transformers. Inasmuch as two sets of com- 
pensators are required, as defined by eqs. (8) or (9), settings 
must be determined for each set of compensators. Depending 
upon the connections of the power-transformer secondary 
and the location of the compensator current transformers, 
either in phase or 30° compensation is possible. The vector 
diagrams for all the possible combinations of these two types 
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of voltage compensation are shown in Fig. 10. 

The compensator is not intended to be used as an equiv- 
alent substitute for high-voltage potential transformers or 
devices. The secondary windings of the compensator are con- 
nected in series with the low-voltage potential transformer 
winding and relay coils. Because the compensator windings 
have impedance, the voltage across the relay coils is slightly 
less than the potential-transformer secondary voltage at 
zero compensation. With a fixed relay burden this compensa- 
tor impedance drop is always a constant percentage of the 
total voltage. With one or two sets of distance relays of 
low burden, this reduction in voltage caused by the compensa- 
tor winding is negligible. With high-burden distance relays or 
larger numbers of relays connected to a set of compensators, 
the reduction becomes appreciable, but the relay calibration 
can be modified correspondingly as long as the relay burden 
is constant. 

Thus, the compensator often provides economical advan- 
tages in the application of impedance- or reactance-type re- 
lays where the impedance or reactance of the power trans- 
formers is not included as a part of the transmission circuit. 
With fault power flowing through the power transformers 
the voltage from low-voltage potential transformers will be 
high by the drop through the bank for high-voltage faults. 
The compensators can be set to reproduce this drop in phase 
and magnitude in terms of the secondary-voltage output of 
the low-voltage potential transformers. This compensator 
output voltage when subtracted from that of the low- 
voltage potential transformers is equivalent to the high- 
voltage potential required for the distance relays. 


il, % 





Fig. 9—Equipment circuit for a three-winding transformer. 
I ee ee 
transformers on low-voltage side and fault power fed from 
both low-voltage and tertiary windings of the power transformer. 
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Smaller, Lighter Radio 


Transformers, via Hipersil Cores 





The wound cores of Hipersil must be heat treated to remove 
strains developed in the winding process. Cores for both radio 
and power transformers are visible in this charge. Some of the 
wound cores for communication equipment are less than an 
inch across as the view below of representative cores shows. 
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HE RADIO engineer, always conscious of weight and bulk 

limitations, is forced to his most ingenious efforts by the 
requirements of present-day military-radio equipment. Valu- 
able assistance in his never-ending program of ‘make it 
smaller, make it lighter’ comes from a recent peace-time 
development for standard power and distribution trans- 
formers. The new grain-oriented electrical steel used in 
Hipersil cores has one-third more magnetic permeability in 
the direction of the grain than ordinary electrical steels. By 
winding transformer cores from a continuous ribbon of Hi- 
persil steel instead of building up a core of stacked laminations 
this property can be utilized to reduce losses, weight, or size, 
or achieve some combination of them. In addition, the 
mechanical problem of constructing the transformers is 
greatly simplified. 

Cores for radio transformers, for high-frequency equip- 
ment, for reactors and other communication apparatus are 
being made with Hipersil steel with several marked benefits. 
Some of the devices previously requiring nickel-alloy steel 
can now be made of Hipersil, saving large quantities of nickel 
urgently needed for other purposes. Cores made with the 
same Hipersil ribbon used in power transformers, 29 gauge 
(14 mils), have lower total losses even at higher frequencies 
than radio-transformer cores made from five-mil punchings 
of the usual steel. However, because Hipersil steel lends it- 
self to a wound-type core, a thinner strip can be used than is 
required by the stacked-lamination method. A special three- 
mil thick Hipersil ribbon has been developed for communica- 
tion equipment resulting in a reduction in weight of from 
30 to 50 per cent. A part of the reduction in bulk results 
from an increase in winding space factor from about 70 per 
cent to about 89 per cent with the thin-gauge material. The 
Hipersil wound-type core is particularly advantageous at the 
higher frequencies because it has but two low-reluctance 
butt joints, in contrast to the interleaved joints in the stacked- 
lamination construction. 


Cc. C. HORSTMAN 











Cores for radio transformers are wound on a mandrel at high 
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How to Apply Neutral Grounding Devices 


A generator-neutral device is even better than insurance. It prevents loss, not just repays it. Without 


it there is the possibility, with most synchronous generators, of mechanical damage resulting from ex- 
cessive fault currents or from electrical damage caused by excessive transient voltages. The discussion 


in the last issue*, which gave the overall background of neutral grounding, is continued here, givin 
& raf & & Swing 


GROUNDING device should have two ma- 
A jor qualities. First, it should not allow 
or cause excessive transient voltages on the 
generator insulation under any conditions. 
Second, it must adequately protect the gen- 
erator windings from excessive currents 
during single-phase-to-ground faults. The 
first of these qualities is well understood in the laboratory. 
Because of the small number of generator failures and the 
destruction of the evidence in those which have failed, op- 
erating experience has not yet convinced some operators of 
possible transient voltages involved with certain values of 
neutral impedances. The second quality—limiting single- 
phase-to-ground fault currents—is well understood and is 
being universally considered on all new generators. There 
are, however, old installations of solidly grounded generators 
where excessive generator damage may result from a single- 
phase-to-ground fault. | 

Should a generator winding or terminal lead fail, the meth- 
od of grounding may be absolved completely on the basis of 
fault evidence. It is entirely possible, however, that the in- 
sulation may have been previously weakened by high tran- 
sient voltages. This could come about as a result of an arcing 
ground on the generator terminals, or because of arcing across 
the generator circuit breaker contacts when the breaker is 
operated. The grounding device, therefore, should be scru- 
tinized carefully to determine, if under any conditions, in 
addition to its useful function of limiting the fault current, 
it may cause damaging voltages to be impressed on the gen- 
erator circuit. 

The usual devices for grounding generator neutrals are: 


1—Reactor (usually low-resistance device). 

2—Resistor (limit current to about 1.5 times normal of generator 
or less). 

3—Small power or distribution transformer with a resistor across 
its secondary. 


Reactor Grounding 


In determining the size of the neutral reactor it is assumed 
that a single-phase-to-ground fault exists on the terminals of 
the generator and that it is necessary to limit the winding 
fault current to not more than the current that would flow 
in the winding on a three-phase fault. The three-phase fault 
current is determined by using rated line-to-neutral voltage 
of the generator and its positive-sequence reactance (sub- 


*«‘Merits and Methods of Generator Grounding,” by S. B. Griscom, 
Westinghouse Engineer, February 1943, p. 33. 
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information by which sizes and characteristics of the usual types of grounding devices can be specified. 


A. A. JOHNSON 
Central Station Engineer, 
Westinghouse Electric & Mfg. Co. 


transient reactance). In determining the 
single-phase-to-ground short-circuit current 
the positive-, negative- and zero-sequence 
reactances must be known for the genera- 
tor under consideration and for the re- 
mainder of the system. These sequence 
reactances are usually given for new ma- 
chines, and can usually be obtained from the manufacturer 
for older machines. 
The following notation will be used: 


X, X2, Xo—Sequence reactances of generator under consideration. 

Si, Se, So—Sequence reactances of system to terminals of generator 
under consideration, including everything except generator being 
studied. 

Xpr—Reactance of neutral reactor. 

Ip—Maximum rms current rating of reactor (in designing the re- 
actor it is assuméd that the current wave is fully displaced by the d-c 
component). 


Specifications for Grounding Reactor 


The reactor must be specified as to the following charac- 
teristics: 
1—Single phase. 
2—Frequency. 
3—Indoor or outdoor. 
4—Insulation class (see ASA or AIEE standards). 
5—Reactance in ohms (Xp). 
6—Maximum rms current through reactor (Jp). 
7—Time rating (10 seconds, 1 minute, or 2 minutes). 
Conversion Formulas. Xp in per cent to Xr in ohms 
(Kv)?(10) (Xp in per cent) 
= em ohms 





Xr 


Iz in per cent to Jz in amperes 
a (Kva) (/r in per cent) 
ss 4/3 (Kv) (100) 


Where Xz in per cent is on generator Kva base, Kv is line-to-line volt- 
age rating of generator, Kva is rating of the generator. 





Max. rms amperes 


Determination of Xr and Ip in Per Cent ¥ 


Single-phase-to-ground faults have been classified into five I 


groups. An equation for Xz and Jp in per cent for each group 
is given in Fig. 1. Group 1 is perfectly general and covers 
the case where all reactances for the generator and sys 


tem are finite and different. This formula appears formidable, ) 


but because it consists of reactances only, it simplifies rap- | 
idly with actual values. Group 2 applies where the zero s¢ | 
quence of the system is infinite and all other reactances ale } 
finite and different. Groups 3, 4, and 5 cover cases wher? 
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Single Phase-to-Ground Fault 


Fig. 1—The proper reactance and current values for grounding- 
reactors for use with synchronous machines under different condi- 


tions can be determined by means of the following formulas: 





Group 1. All reactance values finite and different 
= So(XiX2+-2XiS2 — X2Sp) + Xo(XiS2 — XoSe— X2So — SoSe) 
3(X2S0+X2S2 —X1S2+SoS2) 











ht 3So e(100) 
a XotSot+3XR | XSi X82, So(Xo+3XpR) 
Xi+S;  Xe+S2  Xot+So+3XR 





Group 2. 
_Xi—Xo , S2(Xi —X2) 


Xp= 
—_— Be 3 3(Xa+S) 


























per finite 3e(100) 
and different pA. P 
In=y 5+ Fre thot 3Xe 
Group 3. 
Xpa2—* 
xk 
thers finite _ 3Sve(100) / 1 
and different | a 
Xi+S, © Xi+S2  Xi+So 
Group 4. 
X _Xi—Xo 
X, = Xe ” 3 








So = Infinite 3e(100 1 
Others finite Ir= sf ) 3 5 
and different Xx +5 +y 7st} 
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Group 5. 
5a =X,  ¢ _X —Xo 
Si =S: - - 
Xo=Finite _ 3e(100) / Xi +S; 
So = Infinite aii X; (x3) 


two or more reactances are equal; consequently the formulas 
are simple as compared to the general case in group 1. For 
example, group 5 formulas are applied to a turbine-genera- 
tor where the generator positive- and negative-sequence re- 
actances are equal, the system positive- and negative-se- 
quence reactances are equal, and the system zero-sequence 
reactance infinite. 

The formulas for Iz have been set up in each case for Xp 
of such magnitude as’to make the current in the machine 
winding on a single-phase-to-ground fault equal to the wind- 
ing current on a three-phase fault. The voltage e in the equa- 
tion for Jz is the rated generator terminal voltage expressed 
as 100 per cent. 

Whenever X; and Xz of a generator are equal the mini- 
Xi—Xo 

3 
gardless of the system. The current through the reactor on 
a single-phase-to-ground fault, however, depends on the 
system reactances as well as the generator reactances. 


. This is true re- 





mum neutral-reactor reactance Xr = 
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Turbine-Generator Reactors. Currents in the generator- 

neutral reactor given by the formulas in groups 4 and 5 are 

shown in Fig. 2. These curves apply particularly to turbine- 

generators. To determine the maximum rms current, (Ip), 

Se Si j 

3, and — and find K. Ip is equal 
1 1 


through the reactor obtain 


to (K) (¥) in per unit. 

The curves of Fig. 2 are of interest because they show the 
effect of system reactance on the neutral current during a 
single-phase-to-ground fault. In addition, they also show that 
S; and S: can be far from equal without appreciably affecting 
the neutral current Jp. 


System Data Required 


To obtain the system reactances Sj, S:, and Sp all circuits 
and sources of supply, including all other machines in the 
same station, must be considered. To determine the reactor 
size, the reactances for the entire system must be obtained. 
The following data should be available: 

1—Reactances of generator to be grounded. %, (Xa), 
Xo, and Xo. 

2—One-line diagram of the station in which the machine 
is to be installed showing the principal circuits, other ma- 
chines, and their reactances. 

3—Connections of all transformers at the station, whether 
wye-delta, or delta-wye, and where grounded. 

4—An equivalent reactance of the ultimate system to 
which the machine is connected. 

5—Connections of transformers supplied elsewhere at ma- 
chine voltage, where grounded and their reactances. 

If a synchronous machine is to be operated under several 
system conditions, the reactance and current values for the 
neutral reactor must be checked for each condition. A re- 
actor that protects the generator for all operating conditions 
must be the choice. The application of a neutral reactor to 
a generator, which at times is the only ground and at other 
times is operating in parallel with a grounding transformer, 
is an example. In addition, ihe reactor should be checked 
with the generator operating as an isolated machine. 

The neutral reactance, Xr, in the formulas given makes 
the machine-winding current on a single-phase-to-ground 
fault equal to the winding current on a three-phase fault. 
The reactance may be slightly larger than this to limit 
further the current on single-phase faults, but it should not 
be increased in ohms without considering its effect on tran- 
sient voltages during switching operations and arcing grounds. 

In applying grounding reactors to generators that supply 
distribution feeders at generator voltage, the voltage to 
ground on the two unfaulted phases should be checked. This 
is particularly important on cable systems. The larger the 
grounding reactance the higher will be the voltage to ground 
on the two unfaulted phases. This is another reason for 
keeping the reactor impedance low. 

The current Jz in the grounding reactor is always larger 
than the current in the faulted phase when the machine is 
connected to a system with other machines, because zero- 
sequence current circulates through the system in the two 
unfaulted phases. If a generator is operating as an isolated 
unit, with no transformer path for zero-sequence currents 
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to flow, the current through the reactor is the same as the 
current through the faulted phase or generator winding. 

The reactor characteristics must sometimes be determined 
for generators of different size operating in parallel. This is 
a special case, and calculations must be made for all possible 
combinations and arrangements of generators. A neutral re- 
actor suitable for each machine must be selected to cover 
the worst condition. If the machines are similar in every 
respect the problem is greatly simplified. If the machines 
are sufficiently similar, and it is desired to operate only one 
unit grounded at a time, one reactor between the neutral 
bus and ground can be used for all machines. The desired 
machine should be connected to the ground bus through 
its neutral circuit breaker. 


Resistor Grounding 


For practical application the ohms required in a resistor 
can be determined by first fixing the maximum ground cur- 
rent J, and then dividing the generator phase-to-neutral 
voltage E;, by this current. 

Ein 


R=— ohms in resistor 
n 


The following characteristics should be specified for a 
generator neutral resistor: 

1—Ohms resistance. 

2—Current rating. 

3—Indoor or outdoor. 

4—Insulation class (see ASA or AIEFE standards). 

5—Time rating (10 seconds, 1 minute, etc.). 

The current through a neutral resistor can be limited as 
desired. In most applications, however, it ranges for large 
generators from about 100 amperes to about 1.5 times the 
normal rated current of the generator involved. To limit the 
current to 100 amperes requires an 80-ohm resistor for a 
13.8-kv generator, and this is about the practical economic 


For X, =X, 
Sp = Infinite 
Pr eue= 
ce ierent 


in Percent 


Ip = (K) ——— Per Unit 





18 12 14 1.6 18 20 2.2 
Constant K = Number of Times Three-Phase Short-Circuit Current 


Fig. 2—The currents flowing in the neutral reactor of a generator 


the specific conditions represented by the formulas in groups 
sande Flo laulaotinnihoet fran sete + amare. ot 
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Fig. 3—The energy - 
absorbed during single- 
phase-to-ground faults ” 


sistors of different sizes. _ 
10 





Neutral Resistance—Ohms 


limit for this voltage class, using grid-type resistor units. 
The upper limit is about 1.5 times normal rated current 
through a neutral resistor of the generator, because of the 
loss in the resistor during single-line-to-ground faults and 
its effect on system stability. A generator current 1.5 times 
normal through a neutral resistor gives a loss of 50 per cent 
of the generator rating. If the current is allowed to be sev- 
eral times full load, by using less resistance, the loss in 
the resistor may be more than twice the generator rating. 
This is illustrated in Fig. 3 for a 31 250-kva, 13.8-kv genera- 
tor for a single-phase-to-ground fault on its terminals. For a 
resistor of 0.47 ohm, the loss will be 68 000 kw. 

The usual application of neutral resistors is in the neutrals 
of those generators that are connected to a common bus 
from which most of the power is fed to delta windings of 


step-up transformers. In these applications full displace- F 
ment of the neutral during a fault is not considered as being | 
objectionable. A neutral resistor can also be used on systems | 
where power is sent out of the station at generated voltage | 
and where it is stepped down through transformers connected | 
in delta on the generator voltage side. In such cases a re- | 
sistor can be applied to limit current to almost a fixed value | 
for a fault anywhere on the system. This is true because, | 
within the practical range of the resistor, the effect of the | 


resistance and reactance of any distribution feeder is small. 
This situation is altered to some extent if current- limiting | 
reactors are used in the feeders. 


Grounding Through a Small Power or 
Distribution Transformer 


A small power or distribution transformer, with its high- 4 


' 


voltage winding connected to the generator neutral and with | 


the secondary shunted by a resistor, is a high-impedance - 
neutral device consisting mostly of resistance. The trans } 


former is usually about 25 to 50 kva, the ratio of which may 


be as high as 120/1. The device is applicable only to ger 1 
erators connected to separate delta windings of a powel! | 


transformer. This is the case because, being a high-resistance | 
device, the neutral is completely displaced each time a single: 
phase-to-ground fault appears on the generator terminals and | 
only a small current (less than 10 amperes) flows throug! | 
the neutral. 

Relaying the generator for ground faults is accomplished | 
by either a current or a voltage device on the secondary of | 
the small power transformer. In special cases, because the § 
current that flows for a single-phase-to-ground fault is small, 
some companies have peowiliell an alarm and delayed the 
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For 2.3 Kv 
400 


For 6.9 or 13.8 Kv 
Generator Kva+ Rpm 


tripping of the generator for a predetermined time to permit 
the station operator to remove load from the machine. This 
prevents the sudden loss of a generator from the system and 
the disturbance that follows the abrupt dropping of generator 
capacity. A timer set for a predetermined interval auto- 
matically trips the generator should the operator fail to do so. 
This procedure is open to argument because of the possibility 
of damage at the point of fault, but in most cases the gains 
outweigh the chances taken. 


The Size of the Transformer and Resistor 


The size of the transformer and resistor depends upon the 
charging current resulting from a single-phase-to-ground 
fault. Thus, the capacitance to ground must be known for 
the generator, generator terminal leads, the transformer low- 
voltage winding, and terminal surge capacitors if any. Sev- 
eral factors are involved in determining transformer and re- 
sistor sizes. The practical answer is to make the transformer 
kva about equal to the capacitive fault kva and the resistor 
loss also about equal to the capacitive fault kva. Loading 
the secondary of the transformer with a resistor prevents 
the occurrence of high transient voltages that result from 
arcing faults or switching. It also swamps harmonics present 
in the potential indication, making possible a low setting for 
the ground relay, and avoids the ferro-resonance possibility 
of an unshunted neutral transformer. If the transformer and 
resistor are rated for a short time, the size of each may be 
reduced considerably. 

The above proportioning also prevents false tripping of 
the relay because of line-to-ground faults on the high side 
of the main power-transformer bank. For this fault location 
there will be a zero-sequence-voltage capacitive-potentiom- 
eter effect through the transformer to the generator neutral. 
False tripping is avoided because the resistance, and particu- 
larly the reactance of the grounding transformer and resistor, 
is relatively low compared to the coupling capacitance be- 
tween the high- and low-voltage windings of the main power 


TABLE I—VALUES FOR EXAMPLE GIVEN OF TRANSFORMER GROUNDING 

















Bal | aad Secondary Secondary 
tage Amperes Resistor-Ohms 
13.8 kv to 440 v 254 291 0.87 
13.8 kv to 230 v 133 556 0.24 
13.8 kv to 115 v 66 1112 i 0.06 
May, 1943 


one-half capacitance of one phase to ground. 






Kva x 103 


bank. If the neutral of the high-voltage winding of the power- 
transformer bank is grounded solidly this condition does not 
cause trouble. If the transformer neutral is ungrounded or 
grounded through a high-impedance device, there is the pos- 
sibility of false tripping for low settings of the ground relay. 


Illustrative Example 


The following example illustrates the method of determin- 
ing the size of grounding transformer and secondary resistor 
as well as the selection of the relaying. Assume a 62 500-kva, 
air-cooled, 1800-rpm, 13.8-kv generator connected to the 
delta winding of a power transformer through 200 feet of 
four 1 000 000-cm, 15-kv, paper-insulated lead-covered ca- 
bles per phase. The generator is protected against surges by 
two }4-microfarad capacitors per phase. 

The total capacitance of the three phases of the generator 
is about 1.05 microfarads, and is determined in Fig. 4. The 
capacitance of the three phases of the cables is about 0.49 
mf, and that for the three phases of the delta winding on the 
transformer is about 0.04 mf. The surge protective capacitors 
amount to a total of 1.50 mf. The total for all parts of the 
circuit amounts to 3.08 mf. The total capacitive reactance 

6 
is — = or 860 ohms. With full-line-to-ground voltage 

(13 800)? 

3 (860) (100) 
A standard 50-kva, 13.8-kv distribution-type oil-filled trans- 
former is adequate for five minutes. Table I gives three set- 
ups showing voltage, current, and resistance to give a loss 
of 73.8 kilowatts in the resistor. 

Assume that the 13.8-kv to 230-volt transformer is to be 
used. Then a 300 to 5 current transformer in series with the 
secondary resistor with a 0.5- to 2.5-ampere range low-energy 
current relay operated on the 0.5-ampere tap gives satisfac- 
tory protection against ground faults. The current relay 
should trip the main generator breaker and other protective 
equipment normally associated with the differential relays. 


or 73.8 kva is obtained. 





a total capacitive kva of 
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What’s New! 


Patriotic Nickel Nursing 


eee Ignitrons, used as rectifiers in the aluminum and magne- 
sium plants and other industries where high-amperage direct cur- 
rent is needed, have reactors that “‘trigger”’ the igniter, starting the 
rectifier action. These reactors have been copper wound on a dough- 
nut-shaped core containing about 50 per cent nickel. The twenty thou- 
sand pounds of nickel that annually went into the alloy called Hipernik, 
used in the manufacture of these reactor cores, is enough to supply the 
necessary nickel for armor plate for some 55 tanks. Every effort was 
immediately bent to release this war-important metal through substitu- 
tion. Hipersil was found to be the answer. 

Hipersil is a special silicon-iron transformer core alloy that has been 
heat treated so that random arrangement of the metal crystals has been 
substantially eliminated and the resulting uniform orientation permits 
one third greater flux density than ordinary core material, due to its 
higher permeability. The Hipersil reactor core not only performs as 
efficiently as Hipernik magnetically, but is actually superior under 
changing temperature conditions because it is virtually unaffected by 
temperature changes from 70° to 200° F. 

Nickel is not just a critical material, it is just plain scarce. Saving a 
dollar by saving nickel (and having a better product) is nickel nursing 
without opprobrium. 





New Hipersil-cored reactor developed for Ignitron rectifier. It 
conserves enough nickel annually to make armor for 55 tanks. 


After the Deluge, Infrared 


fron and electrical equipment are even less compatible than oil 
and water. The sudden rise of a large river may seem a localized 
event, but the repercussions of the interruption of production in plants 
along its banks may be felt in war industries all over the country. ‘The 
present cry is, get the most out of what you have as replacements are 
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Emergency unit used in Bradford, Pa., flood area is shown 
at the left. A permanent industrial installation is on the right. 


few and time is short. Inundated prime movers can’t be replaced, but 
must be repaired and returned to service with minimum delay. 
Infrared lamps have been used for many drying operations and are 
now being used for drying of motor armatures after normal repair. The 
high rate of energy transfer possible with radiant heat makes these 
lamps invaluable for quick and thorough drying of plastic enamels and 
varnishes. It is in the emergency drying of equipment, particularly 
armatures, fronw flooded plants that these infrared lamps find their 
particular métier. They reduce the drying time from some 18 hours to 
five hours, and by variation of the number of lamps per bank the dry- 
ing heat can be tailored to the amount needed for a given armature size. 


New Reflector-Type Heat Lamp 





‘ rar 





WV MANY successes in the field of industrial drying and heating to q 
its credit, the 250-watt, reflector-type drying lamp now has a coun- 


terpart in a newly developed “‘heat” lamp for therapeutic purposes. This 
new lamp is of the same physical size as the drying lamp, and like it in- 
corporates the desirable feature of a self-contained sealed-in reflector. 


It differs from the drying lamp only in that its filament operates at a ( 


lower brilliance, thereby minimizing eyestrain from glare where the 
lamp is operated in the line of vision. 
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Huge megawatt indicators, readily visible all over the station, give 
indication of demand load and the current level of power production. 


Gargantuan Power-Plant Meters 


_ dispatchers know what the demand load will be; boiler and 
turbine operators know what power is available. New Westinghouse 
giant megawatt indicators coordinate the several departments instantly 
and accurately. 

The load dispatcher, knowing power requirements, sets the antici- 
patory hand of a small meter, which is tied in electrically with two 
megawatt meters located in the turbine room and boiler room, giving 
the same demand reading to those departments. An alarm sounds as 
the demand reading is adjusted, calling the operator’s attention to the 
change. These operators make the necessary steam generation and tur- 
bine adjustments to meet the new load requirements. The large white 
hand on the meter, also tied in with the dispatcher’s instrument, indi- 
cates to him how the plant departments are meeting the demand for 
increased or lessened load. 


















Seeing Is Hitting 


| bes THE people, armies without vision perish. ‘‘Don’t fire until you 
see the whites of their eyes” was all right for the days of lead bullets 
and black powder. In these days of 10 for 10 at 1000 yards with iron 
sights and better records with “‘scopes,” means must be provided to 
supplement eyesight, especially in view of the advancement in camou- 
flage. War planes at 30 000 feet traveling 300 mph may be friend or foe; 
optical help tells which. At the onset of this war, we were a have-not 
nation binocular-wise. Mass-production engineering applied to a craft 
heretofore demanding many hours of meticulous handwork, is rapidly 
changing that picture. Binoculars, excellent ones, are rolling off the 
production line, putting our Army’s eyes safely on the firing line. 

Many problems had to be solved, a major one being that of stand- 
ardization. Personal opinion was a large factor in passing on accepta- 
bility of binocular optics, resulting in confusion, needless loss, and 
slowing of production. A fifty-year-old problem was solved by develop- 
ing a standard cabinet with special diffused fluorescent lighting and 
hermetically sealed trays of standard optics, against which the produc- 
tion optics are swiftly compared under identical conditions. Remark- 
able automatic machines have been developed to do incredibly intricate 
operations and the mating of optical and mechanical controls results in 
consistently fine work with attendant interchangeability of parts. Im- 
provement of hand tools has halved the time for such involved opera- 
tions as the final collimating of the binoculars. Improvement of test 
and assembly technique is exemplified in the operation of squaring the 
reticule. Previously done by peering into a device conducive to eye 
fatigue, the image is now enlarged several times and projected on a 
calibrated screen. 

With a previous national production of a few thousand binoculars a 
year, we are now producing them by the tens of thousands at greatly 
lessened expenditure of time, effort, and money. 
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tioned production lines. Constantly checked 
as the assembly takes place, they meet 



















And There Was Light! 


ie Is an all-or-none type of war; no compromise, no appeasement. 
This characteristic applies also to light. Either no light at all is desired 
or as much light as possible at a desired point. In the one instance any 
light shown will invite attack while the other condition makes military 
night operations possible. The type L sealed-beam lamp, lifted bodily 
from the automotive industry, is doing yeoman service in many war- 
time jobs, providing maximum light when and where it is wanted. 

This now familiar unit, having the lens and reflector sealed about the 
filament, has been somewhat modified for war use. While still retaining 
its important features of no reflector deterioration and less blackening 
due to dispersal of volatilized filament over a much greater area, specific 
changes are made for specific jobs. For some military uses, these lamps 
have been given greater wattage. For signaling, paralleled fine filaments 
are used to maintain the wattage, cut down the current per filament and 
give quick cooling for fast make and break keying. Airplane landing 
lights have shields built in so that the light will not be reflected from 
the propeller blades and blind the pilot. 

Used in planes, tanks, and for fleet use, these lights are as universal 
in their applications as the automotive industry from which they stem. 


Light-Weight Light Reflectors 


—_ bricks with less straw was one of the hardships imposed upon 
slaves by the early Egyptians, but today better bricks are made 
with no straw. The exigencies of war imposed the problem of making 
fluorescent-light reflectors without steel, and this has been accom- 
plished so well that future reflectors may never revert to metal. 

Reflectors have but one function, to make useful the maximum 
amount of light developed. The original material for fluorescent light 
reflectors was porcelain-coated, 18-gauge (0.05 inch thick) steel be- 
cause of its availability, workability, rigidness, and cheapness. A 
typical large industrial plant required as much as 100 000 square feet 
of reflectors, more than twice the area of a football field, entailing more 
than ten tons of thin sheet steel. The war changed all that. 

A substitute that has more than satisfied all requirements is Mason- 
ite, coated with a special enamel, Polymerin. Fundamentally, Masonite 
is manufactured in much the same manner as are puffed-grain cereals. 
Logs are converted into small chips and the cells in the wood fibers ex- 
ploded by steam. The flaky residue is pressed into large sheets of de- 
sired shape under heat and extreme pressure to create a dense, smooth, 
hard board of great rigidity. It can be punched and worked with 
woodworking tools. 

The shaped board is sprayed with one all-over coat of primer, 
the inside with synthetic white enamel, and the outside with gray 
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Portrait of the type L sealed-beam 
lamp that makes a specialty of 
being a jack of all trades. The 
larger picture shows such a lamp | 
undergoing test in the laboratory. 














enamel. The enamel is baked on 
at 300 degrees F, and dries by 
polymerization of the molecules 
rather than the evaporation of a 
solvent. In _ polymerizing, the 
molecules of the enamel join in 
chemical bonds to form long 
chains, making the coating a co- 
hesive whole. The result is a 
smooth, hard, impervious finish. 

Masonite reflectors afford an 
annual saving of a thousand tons 
of steel by Westinghouse alone. 
The reflection factor is actually 
increased five per cent, and at the 
same time it is mechanically su- 
perior to porcelain on steel for 
resistance to chipping during 
shipping, installation, and other 
handling. The synthetic enamel 
withstands elevated temperatures 
without effect, and corrosion is 
practically non-existent. Cleaning 
is readily accomplished with stan- 
dard commercial cleaners without 
any special appliances. 





















> ee et ee. 2 elle 


Qo =: 














Trees, nurtured in natural sunlight, return again to light as reflec- 
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The first man you meet when you pick up 
a new issue of Westinghouse ENGINEER is 
Mr. F. G. Ackerson. He is the one responsible 
for our front-cover illustrations, which have 
attracted considerable favorable comment. 
Except for the first one, he has created every 
cover. Ackerson presents a perfect example of 
the story of the busman and his holiday. Al- 
though he has been turning out fine examples 
of commercial art work for Westinghouse for 
more years than he will name, painting is also 
his spare-time avocation. Evenings, week-ends, 
and holidays find him in the Pennsylvania 
woods or along the bank of some stream re- 
ducing to canvas some pictorial gem. Then, 
for diversion, he wrote a book in which he 
has applied the basic light laws of color asso- 
ciation to painting. He paints because he loves 
it. We believe his Westinghouse ENGINEER 


covers prove it. 





C. T. Abbott is a Nebraskan transplanted to 
New England. Finishing high school in Her- 
shey, Nebraska, he heard that there was no 
better place to study engineering than in 
Boston. So he went to Massachusetts Institute 
of Technology, graduating with his B.S. de- 
gree in 1930. By the time he had finished 
school he had learned to like Boston so well— 












or maybe Boston had formed an attachment 
for Abbott—he simply moved up the north 
bank of the Charles River a couple of miles 
and went to work for the Cambridge Electric 
Light Company. He is now chief electrical 
engineer for that firm. He can now say that 
Harvard University draws on him for its 
power. On Mr. Abbott devolved most of the 
responsibility for the engineering decisions in 
the building of the extension to the plant 


which he discusses in this issue. Although he 


as h 


ow ad no Opportunity to practice it, he has 
in 


tained a keen interest in Air Corps mil- 














itary science. While at M.I.T. he studied this 
new science and spent one summer in intensive 


study of it at Mitchel Field, Long Island. 


The value of 26 years of specialization is 
demonstrated in the cogent handling of the 
abstruse problems involved in the develop- 
ment by W. R. Wickerham of the synchro- 


nous-motor starting control that he discusses in 





this issue. Among other controls for which he 
has been responsible have been those of spe- 
cial design for conveyors, cranes, derricks and 
other material-handling equipment. He has 
recently patented a new precision crane-con- 
trol method. Coming with the Company in 
1917, Mr. Wickerham reversed the usual or- 
der and took the student course after becom- 
ing well grounded in the Control Division. A 
graduate of the Carnegie Institute of Tech- 
nology in 1920, he has brought to bear on his 
work imagination tempered with practical- 
ness. Keeping his feet on the ground profes- 
sionally has not prevented Wickerham getting 
up in the air on every possible occasion. This 
activity has been furthered to such purpose 
that, with over 35 hours solo flying, he is 
awaiting only favorable weather for his test 
flight to qualify for his flying license. Produc- 
ing technical advances during the work week, 
his spare time is employed when possible in 
another patriotic endeavor, flying as a mem- 
ber of the Civil Air Patrol. 


When engineers obtain both manufacturing 
and operating company experience they usual- 
ly first take the course of sprouts offered by 
the manufacturer. A. A. Johnson reversed 
this procedure. He decided he wanted some 
power company experience and on the princi- 











ple of the bigger the better he chose the New 
York Edison Company, now the Consolidated 
Edison Company. After some time on the test 
course he went to work in the electrical en- 
gineering department specializing in problems 
of transmission and distribution, particularly 
those relating to system interconnections. Not 
satisfied with devoting his days to engineering 
matters, he spent many of his evenings at 
Pratt Institute teaching mathematics and 
electrical engineering. Early in 1941 he joined 
the Central Station Division of Westinghouse, 
working especially on electrical equipment 
and stability problems. He travels through the 
southeast assisting central station engineers 
with their application-engineering problems. 
Travel through this area is probably not un- 
welcome, inasmuch as Johnson was born and 
reared in Virginia, and attended the Univer- 
sity at Charlottesville (E.E. 1930). Right now, 
however, what with point rationing, he is 
much interested in making peas grow this 
summer where petunias grew last year. 


Missourians are credited with certain 
strong characteristics. Probably these traits 
don’t have a thing to do with it in this case, 
but either by characteristic intent or by cir- 
cumstance J. L. Blackburn has followed close- 






















ly his chosen profession since leaving school. 
A native of Kansas City, Blackburn studied 
electrical engineering at the University of 
Illinois, obtaining his degree in 1935. He 
joined the Westinghouse student course. In 
this course he displayed unusual aptitude for 
electrical relay analysis and was assigned at its 
close to make a comprehensive analytical 
study of relays required for power systems. 
Neatly disposing of that chore he was invited 
into the relay section and has since then oc- 
cupied himself with the applications of relays. 
He has had particular experience with carrier 
relaying, having had a part in the large pro- 
gram of carrier application among utilities 
throughout the country. Experience with the 
compensator began upon arrival in the relay 
department with the application of a high- 
speed relaying system on a power system in 


the far West. 
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FOR RADIOS OF WAR. Every ounce saved in the weight 
of equipment on a fighting plane means that it can carry 
more ammunition with which to blast the enemy. Hipersil, 
a recently developed magnetic steel of remarkable permea- 


bility, makes a major contribution by reducing the weight 


of cores for radio transformers by one third or one half. 





